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NOTICE  -  JULY  3,  1991 


The  Department  of  Natural  Resources  and  Conservation  (DNRC)  recently 
completed  its  draft  environmental  impact  statement  (DEIS)  and  supporting 
environmental  assessments  on  proposed  reservations  of  water  in  the  Missouri 
River  Basin  above  Fort  Peck  Dam.   Reservations  of  water  are  sought  by  the 
following  public  agencies: 


Conservation  Districts; 

Big  Sandy 

Broadwater 

Cascade  County 

Chouteau  County 

Fergus  County 

Gallatin 

Glacier  County 

Hill  County 

Jefferson  Valley 

Judith  Basin 

Lewis  and  Clark  County 

Liberty  County 

Meagher  County 

Lower  Musselshell 

Pondera  County 

Teton  County 

Toole  County 

Valley  County 

State  Agencies; 

Montana  Department  of  Health 

and  Environmental  Sciences 
Montana  Department  of  Fish, 

Wildlife  and  Parks 


Municipalities ; 

Belgrade 

Bozeman 

Chester 

Choteau 

Conrad 

Cut  Bank 

Dillon 

East  Helena 

Fairfield 

Fort  Benton 

Great  Falls 

Helena 

Lewistown 

Power 

Shelby 

Three  Forks 

West  Yellowstone 

Winifred 

Federal  Agencies; 

United  States  Bureau  of  Reclamation 

United  States  Bureau  of  Land  Management 


Copies  of  this  DEIS  are  being  circulated  for  public  review  and  comment 
for  60  days,  ending  September  2,  1991.   Copies  of  the  environmental 
assessments  are  available  upon  request  from  DNRC.  Requests  can  be  made  by 
calling  (406)  444-6627,  or  by  writing  DNRC  at  the  address  below.  Persons 
making  written  comments  should  address  comments  to; 
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CENTRALIZED  SERVICES 

CONSERVATION  «t  RESOURCE 

ENERGY 

on.  AND  GAS 

WXTER  RESOURCES 

DIVISION 

DEVELOPMENT  DIVISION 

DIVISION 

DIVISIOH 

DIVISION 

(406)  4444700 

(406)  444-6667 

(406)444^97 

(406)444467$ 

(406)444-6601 
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Larry  Dolan 

re:   Missouri  River  Reservations 

Department  of  Natural  Resources  and  Conservation 

Water  Resources  Division 

1520  East  Sixth  Avenue 

Helena,  MT   59620-2301 

Informal  information  meetings  will  be  held  prior  to  the  public  hearings 
to  answer  questions  on  the  reservation  process  and  DEIS.  The  public  hearings 
will  begin  at  7:30  p.m.  to  receive  hand-written  or  oral  comments  on  the  DEIS. 


Tiroes 


Where 

Location 

Date 

Helena 

Lee  Metcalf  Building 
1520  E.  6th  Ave. 
Board  Meeting  Room 

8/5/91 

Roundup 

Central  Elementary  School 
Multipurpose  Room 

8/5/91 

Big  Sandy 

High  School 
Multipurpose  Room 

8/5/91 

Great  Falls 

Great  Falls  Public 
Library 

8/6/91 

Ennis 

Town  Hall 

8/6/91 

Valier 

Civic  Center 

8/6/91 

Lewis town 

Park  Inn 

8/7/91 

Bozeman 

Bozeman  High  School 
Cafeteria 

8/7/91 

Glasgow 

Best  Western  Cottonwood 
Inn 

8/8/91 

Dillon 

Western  Montana  College 

Mathews  Hall 

Lewis  and  Clark  Room 

8/8/91 

Informational 

Formal  Public 

Meeti 

na 
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7:30 

6:30 

-  7:30 
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-  7:30 
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The  Missouri  River  Basin  Draft  Environmental  Impact  Statement  for  Water 
Reservation  Applications  above  Fort  Peck  Dam  and  this  notice  were  prepared 
pursuant  to  the  Montana  Environmental  Policy  Act  and  the  Montana  Water  Use 
Act.   Copies  of  the  DEIS  and  this  notice  were  filed  with  the  Governor  and  the 
Environmental  Quality  Council  on  July  3,  1991.   Additional  copies  of  this  DEIS 
can  be  obtained  by  calling  (406)  444-6627,  or  by  writing  to  DNRC  at  the 
address  listed  above. 
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SUMMARY 


MISSOURI  RIVER  WATER 
RESERVATION  STATUTE 

In  1985,  the  Montana  Legislature  directed  the 
Montana  Department  of  Natural  Resoiorces  and  Con- 
servation (DNRC)  to  begin  a  baslnwide  water  reserva- 
tion proceeding  for  the  Missouri  River  Basin  above 
Fort  Peck  Dam.  The  legislature  felt  that  implementa- 
tion of  a  water  reservation  procedure  would  encour- 
age more  coordinated  development  of  the  water  re- 
sources In  the  basin  and  would  help  form  a  strong 
and  unified  basis  for  protecting  Montana's  share  of 
the  Missouri  River  water  from  downstream  states. 
Reservations  granted  In  this  process  have  a  priority 
date  of  July  1,  1985.  Under  Montana  water  law, 
reservations  allow  for  existing  or  future  consumptive 
uses  of  water,  and  for  maintaining  instream  flows  to 
protect  aquatic  life,  recreation,  and  water  quality. 
Only  public  entitles  such  as  local  governments,  con- 
servation districts,  and  state  and  federal  agencies 
can  apply  for  and  hold  water  reservations.  DNRC 
was  assigned  by  statute  to  coordinate  the  process 
and  to  provide  technical  and  financial  assistance  to 
conservation  districts  and  municipalities  in  prepar- 
ing their  applications.  The  Board  of  Natural  Re- 
sources and  Conservation  (Board)  must  reach  a  de- 
cision on  water  reservations  applications  above  Fort 
Peck  Dam  by  July  1 ,  1992. 

APPLICATIONS 

DNRC  received  40  reservation  applications. 
Eighteen  municipalities  applied  for  34,689  acre-feet 
per  year  to  meet  future  growth.  Eighteen  conserva- 
tion districts  requested  388, 137  acre-feet  per  year 
primarily  for  220  proposed  irrigation  projects  cover- 
ing 151,571  acres.  The  Montana  Department  of 
Health  and  Environmental  Sciences  (DHES)  applied 
to  reserve  half  the  average  annual  flow  at  four  points 
on  the  Missouri  River  (near  Toston,  Ulm,  Virgelle, 
and  Landusky)  to  maintain  dilution  of  arsenic  In  the 
river  water.  The  Montana  Department  of  Fish,  Wild- 
life and  Parks  (DFWP)  applied  to  reserve  Instream 
flows  on  283  streams  or  stream  reaches,  one  lake, 
and  one  wetland  to  protect  fish,  wildlife,  recreation, 
and  water  quality.  The  U.S.  Bureau  of  Land  Manage- 


ment (BLM)  requested  Instream  flows  on  31  streams 
for  fish,  wildlife,  recreation,  and  to  maintain  channel 
form.  The  U.S.  Bureau  of  Reclamation  (BUREC) 
applied  to  reserve  280  cfs  or  89,000  acre  feet  of  water 
per  year  fi-om  the  Missouri  River.  This  water  would 
be  diverted  into  the  Milk  River  Basin  to  relieve  water 
shortages  and  provide  for  some  new  irrigation. 

EIS  PROCESS 

The  Montana  Environmental  Policy  Act  requires 
preparation  of  an  environmental  Impact  statement 
(EIS)  for  major  actions  of  state  government  that  have 
the  potential  to  affect  significantly  the  human  and 
natural  environment.  This  EIS  examines  the  envi- 
ronmental, social,  and  economic  Impacts  of  the  pro- 
posed reservation  requests.  In  the  summer  of  1989, 
DNRC  held  10  public  meetings  at  different  locations 
throughout  the  basin  to  Identify  important  Issues  for 
analyses  and  Inclusion  in  the  EIS.  An  environmental 
assessment  was  prepared  for  each  reservation  appli- 
cation to  provide  the  basis  for  the  analyses  and  con- 
clusions contained  in  this  EIS.  DNRC  also  developed 
a  computer  model  of  the  Missouri  River  Basin  to 
assess  physical  and  legal  availability  of  water.  This 
draft  EIS  is  based  on  the  above  infoiroation  and 
research  and  analysis  by  DNRC  staff  and  consult- 
ants. Following  release  ofthe  draft  EIS,  there  will  be 
a  60-day  period  during  which  time  written  comments 
on  the  draft  EIS  can  be  submitted  to  DNRC.  DNRC 
also  will  hold  public  meetings  across  the  basin  to 
receive  comments  on  the  draft  EIS.  The  final  EIS  will 
address  all  substantive  comments  responding  to  the 
draft  EIS. 

ALTERNATIVES 

To  address  the  full  range  of  potential  Impacts 
and  options  available  to  the  Board,  DNRC  selected 
four  alternatives  to  analyze  in  the  EIS.  They  are;  the 
Consumptive  Use,  Instream,  Combination,  and  No 
Action  alternatives. 

Municipalities  were  included  under  all  three 
alternatives  and  given  first  priority  because  of  the 
relatively  small  amount  of  water  requested  for  that 
purpose. 
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The  Consumptive  Use  Alternative  emphasizes 
the  use  of  water  for  irrigation  and  municipal  pur- 
poses. First  preference  In  this  alternative  goes  to 
municipalities,  followed  by  proposed  irrigation 
projects,  and  then  instream  uses.  All  irrigation 
projects  proposed  in  the  reservation  applications 
were  included  in  this  alternative. 

The  Instream  Alternative  gives  first  priority  to 
municipal  uses,  but  emphasizes  instream  uses  for 
the  protection  of  fish,  wildlife,  recreation  and  water 
quality.  Irrigation  would  have  third  priority. 

To  some  extent,  the  Combination  Alternative  is 
similar  to  the  Consumptive  Use  Alternative  in  that  it 
gives  first  preference  to  municipalities,  second  to 
proposed  irrigation  projects,  and  third  to  instream 
uses.  It  differs  primarily  in  that  proposed  irrigation 
projects  are  onfy  included  If  they  are  economically 
and  financially  feasible  at  least  50  percent  of  the 
time.  A  few  other  projects  were  excluded  or  reduced 
in  size  on  the  basis  of  concerns  about  land  use  or 
other  environmental  considerations. 

Underthe  No  ActionAltematlve,  DNRC  describes 
trends  that  might  unfold  through  the  year  2025  if  no 
water  Is  reserved  for  any  purpose. 

BOARD'S  AUTHORITY 

The  Board  can  grant,  modify,  or  deny  any  or  all  of 
the  reservation  requests.  Applicants  must  establish 
to  the  satisfaction  of  the  Board  the  following  four 
criteria: 

a.  the  purpose  of  the  reservation, 

b.  the  need  for  the  reservation, 

c    the  amount  ofwater  necessary  for  the  reserva- 
tion, and 
d.  that  the  reservation  is  in  the  public  Interest. 

Besides  these  criteria,  the  Board  also  must  en- 
sure that  the  reservation  applicants  make  progress 
toward  development  of  the  proposed  use  with  rea- 
sonable diligence  and  that  no  reservations  are 
granted  that  would  adversefy  affect  senior  water 
rights.  To  make  Its  decision,  the  Board  will  have  to 
abide  by  the  decision  criteria  described  In  Chapter 
Seven  and  refy  on  Information  in  the  applications, 
draft  and  final  EIS.  individual  environmental  assess- 
ments, and  on  testimony  presented  at  the  contested 
case  hearing. 


IMPACTS  UNDER 

CONSUMPTIVE  USE, 

COMBINATION,  AND 

INSTREAM  ALTERNATIVES 

General  Considerations 

Impacts  on  the  existing  environment  are  gener- 
ally greatest  under  the  Consumptive  Use  Alternative, 
less  under  the  Combination  Alternative  and  least 
under  the  Instream  Alternative.  Some  proposed 
projects  included  in  all  three  alternatives  would  have 
substantial  Impacts.  Impacts  were  not  assessed  for 
some  of  the  larger  projects  where  information  was 
not  required  nor  available  in  the  applications.  A  sepa- 
rate environmental  review  may  be  required  before 
some  of  these  projects  could  be  constructed. 

WATER  QUANTITY  AND  DISTRIBUTION 

Many  rivers,  streams,  reservoirs,  and  groundwa- 
ter systems  have  been  altered  by  existing  water  uses 
and  could  be  further  modified  by  any  consumptive 
use  project  developed  through  the  use  of  reserva- 
tions. On  some  streams,  there  is  not  enough  water 
in  dry  years  to  satisfy  all  existing  water  users. 
Impacts  to  streamflows  would  be  greatest  under  the 
Consumptive  Use  Alternative  which  would  reduce 
flows  substantially  In  the  Jefferson,  Smith,  Sun, 
Marias,  and  Teton  rivers  and  in  at  least  a  dozen 
smaller  tributary  streams.  In  several  of  the  rivers 
and  streams,  late  summer  streamflows  would  be 
reduced  to  zero  or  near  zero  during  dry  years. 
Impacts  to  streamflows  would  be  less  under  the 
Combination  Alternative  and  least  under  the  In- 
stream Alternative. 

LEGAL  Water  Availability 

By  law,  water  reservations  cannot  adversefy  af- 
fect the  amount  ofwater  legally  available  to  holders 
ofwater  rights  with  a  priority  date  earlier  than  Juty 
1.  1985.  However,  If  an  existing  water  right  user 
wishes  to  change  the  point  of  diversion,  place  of  use, 
purpose  of  use,  or  place  of  storage,  all  senior  and 
junior  water  right  holders.  Including  those  with  water 
reservations,  have  a  right  to  object  to  the  change  If 
they  feel  that  the  exercise  of  their  water  rights  would 
be  adversely  affected.  This  same  legal  right  allows 
holders  ofwater  reservations  to  object  to  water  right 
claims  submitted  In  the  statewide  adjudication  pro- 
ceeding. Holders  ofwater  reservations,  like  all  other 
water  right  holders,  may  seek  relief  from  the  district 
court  to  protect  their  water  rights. 
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While  water  may  be  physically  available  for  a 
reservation  at  the  point  of  diversion,  it  may  already 
be  appropriated  by  a  water  user  downstream.  Elxlst- 
Ing  water  users  such  as  Irrigators,  Montana  Power 
Company  (MPC),  BUREC,  BLM,  Indian  tribes,  and 
Corps  of  Engineers  already  claim  most  of  the  flow  In 
the  Missouri  River  and  Its  tributaries.  The  exact 
amount  of  water  legally  available  for  future  consump- 
tive appropriation.  If  any,  will  not  be  known  for  some 
time.  However,  the  statewide  water  rights  adjudica- 
tion process  will  determine  the  size  and  extent  of 
these  water  rights. 

Canyon  Ferry  Dam  was  built  to  provide  water  for 
consumptive  uses,  primarily  for  Irrigation,  while  at 
the  same  time  maintaining  the  level  of  hydropower 
production  at  MFC's  downstream  facilities.  Soon 
after  Cartyon  Ferry  Dam  went  Into  operation,  re- 
leases from  the  reservoir  increased  MFC's  down- 
stream electricity  generation  by  an  armual  average  of 
106  GWh  above  the  pre-Canyon  Ferry  level.  As  more 
water  was  consumed  for  other  purposes,  the  increase 
above  the  1955  level  decreased  to  an  average  of  84 
GWh  per  year  by  1986,  and  would  decrease  further 
to  an  average  of  54  GWh  per  year  under  the  Con- 
sumptive Use  Alternative.  In  the  two  lowest  power 
years  in  10  under  the  present  operating  regime,  MPC 
would  receive  no  increase  benefits  from  the  reservoir 
at  either  the  1986  level  of  irrigation  development  or 
under  the  Consumptive  Use  Alternative.  However, 
the  problem  of  high  arsenic  concentrations  in  the 
Missouri  River  drainage  still  must  be  addressed  be- 
fore BUREC  wlU  market  water  stored  In  Canyon  Ferry 
Reservoir  for  consumptive  uses. 

The  Blackfeet  Tribes  have  substantial  federal 
reserved  water  right  claims  on  the  Marias  River  and 
its  tributaries.  This  special  class  of  water  rights 
might  effect  both  future  water  reservations  and  many 
existing  water  users. 

Water  Quality 

Water  reservations  for  consumptive  use  would 
cause  a  decline  In  water  quality  in  some  streams  and 
groundwater  systems.  Higher  concentrations  of  nu- 
trients, pesticides,  and  salts  would  be  noticeable  in 
some  waters,  but  In  most  Instances  the  Increases 
would  be  minor.  Short-term  increases  in  sediments 
would  result  from  construction  of  reservoirs  and  di- 
version structures. 

Arsenic  concentrations  exceeds  the  federal  and 
state  Ingtream  standard  in  the  Madison  and  Mis- 
souri river  malnstems  in  Montana.  Concentrations 


also  exceed  the  federal  drinking  water  standard  in 
the  Madison  River  and  the  portion  of  the  Missouri 
River  upstream  from  Toston  Dam.  Arsenic  is  a  known 
carcinogen.  EPA's  standard  for  carcinogens  Is  based 
on  a  risk  level  that  would  result  in  one  case  of  skin 
cancer  per  million  people.  Based  on  this  standard 
and  assumption,  the  risk  of  skin  cancer  from  arsenic 
is  as  high  as  one  case  per  77  people  at  West  Yellow- 
stone to  about  one  case  in  10,000  people  at 
Landusky.  At  Toston,  the  risk  of  cancer  Is  about  one 
case  per  666  people. 

Reservations  that  leads  to  consumptive  water 
use  in  the  Missouri  River  basin  could  increase  the 
concentration  of  arsenic  in  the  Missouri  River  and 
adjacent  groundwater  systems.  Consequently,  the 
risk  of  skin  cancer  for  people  who  refy  on  Missouri 
River  water  for  drinking  would  Increase  unless  the 
arsenic  is  removed  through  special  treatment.  Pro- 
posed irrigation  projects  diverting  water  from  the 
Madison  River  into  the  Gallatin  drainage  and  from 
the  Missouri  River  Into  the  Milk  drainage  would  In- 
crease arsenic  levels  In  the  Gallatin  and  Milk  rivers. 
Instream  reservations  would  not  change  water  qual- 
ity but  may  not  be  adequate  to  preserve  flows  for 
arsenic  dilution. 

Soils  and  Stream  Channel  Form 

In  general,  reservations  that  would  result  in  the 
conversion  of  rangeland  to  irrigation  would  affect 
soils  through  the  loss  of  organic  matter,  reduced 
water  holding  capacity,  and  increased  susceptibility 
to  erosion.  These  effects  would  be  somewhat  offset 
once  an  alfalfa  crop  is  established.  Where  reserva- 
tions convert  dry  cropland  to  irrigation,  soU  struc- 
ture will  improve,  erosion  wUl  decrease,  and  nitrogen 
and  organic  fertility  will  increase.  Forty-three  projects 
may  have  substantial  soil  Impacts  and  these  are 
identified  in  Chapter  Six.  Other  effects  of  consump- 
tive use  projects  on  soils  are  generally  minor. 

Impacts  to  stream  charmels  generally  would  be 
minor.  In  some  Instances,  consumptive  water  uses 
could  decrease  channel  capacity  by  increasing  the 
deposition  of  sediment.  Instream  reservations  would 
not  change  existing  stream  channel' forms. 

Land  Use 

Proposed  irrigation  reservations  would  convert 
nonlrrigated  cropland,  pasture,  and  rangeland  to 
irrigated  fields.  The  amount  of  irrigated  cropland 
would  Increase  in  the  basin  by  about  24  percent 
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(208.000  acres)  under  the  Consumptive  Use  Alterna- 
tive, 15  percent  (129,000  acres)  under  the  Combina- 
tion Alternative  and  5  percent  (40,000  acres)  under 
the  Instream  Alternative.  Forty-two  irrigation 
projects  may  have  other  substantial  land-use  Im- 
pacts and  these  are  Identified  in  Chapter  Six.  Other 
land  use  impacts  are  generally  minor. 

Fish  and  aquatic  Habitat 

Low  flow  conditions  already  stress  game  fish 
populations  and  aquatic  habitat  on  some  rivers  and 
streams  in  the  basin.  Further  consumptive  uses 
would  generally  worsen  conditions  on  these  rivers 
and  streams.  Streams  most  severely  affected  by  the 
proposed  consumptive  use  reservations  include  the 
Jefferson  River  near  Waterloo  and  Three  Forks,  the 
Boulder  River  above  Cold  Springs,  the  Marias  River, 
the  lower  portions  of  the  Sun  and  Teton  rivers,  and 
eight  tributaries.  Streams  where  the  effects  could  be 
less.  Include  the  Gallatin,  Missouri,  Judith,  Dear- 
bom,  and  Smith  rivers  and  seven  smaller  tributary 
streams.  Stored  water  could  be  released  from  Tiber 
Reservoir  to  offset  most  water  depletions  In  the  lower 
Marias  River.  Reservations  for  Instream  flows  would 
help  maintain  the  existing  aquatic  habitat  and  fish- 
eries. 

The  effects  of  flow  reductions  on  the  pallid  stur- 
geon, a  federally  listed  endangered  species,  are  not 
known.  It  Is  possible  that  four  of  the  proposed  stor- 
age projects  could  support  a  fishery..  On  large  irriga- 
tion projects,  fish  could  be  killed  in  the  diversion 
structures,  though  this  could  be  minimized  through 
proper  design. 

Wildlife 

Proposed  irrigation  projects  could  affect  wildlife 
by  altering  habitat.  Thirty-six  Irrigation  projects 
would  convert  native  grassland  to  irrigated  cropland 
on  big  game  winter  range  and  would  reduce  the 
amount  of  native  forage  available  to  wintering  elk 
and  deer.  Losses  of  winter  range  could  stress  wildlife 
during  the  winter  and  early  spring  and  increase  dep- 
redation on  crops  and  hay.  DFWP  has  identified  70 
proposed  Irrigation  projects  with  a  high  potential  for 
crop  damage  fi-om  wildlife.  Most  of  these  projects  are 
near  or  within  existing  winter  ranges. 

Birds  of  prey  (raptors),  waterfowl  such  as  ducks 
and  geese,  and  aquatic  mammals  such  as  mink  and 
river  otter  could  be  affected  by  consumptive  use  res- 
ervations. However,  in  most  cases,  site  specific  infor- 


mation is  not  available  to  determine  the  extent  of  the 
effect,  if  any.  Grouse  and  birds  of  prey  would  be 
affected  by  local  disturbance  during  nesting  and 
brood  rearing  periods.  Reduced  streamflows  would 
make  waterfowl  more  vulnerable  to  predatlon  and 
also  would  limit  food  supplies  for  aquatic  mammals 
which  would  render  them  more  susceptible  to 
predatlon. 

Vegetation 

Impacts  to  vegetation  would  result  from  replace- 
ment of  natural  plant  communities  with  agricultural 
crops.  Inundation  of  riparian  and  upland  plant  com- 
munities by  reservoirs,  reduced  stream  flows,  and 
increased  proliferation  of  noxious  weeds.  However,  it 
is  difficult  to  determine  impacts  on  riparian  and  wet- 
land plant  species  such  as  cottonwoods,  sedges  and 
rushes,  and  dominant  tree  species.  No  Montana 
plants  are  federally  listed  as  threatened  or  endan- 
gered species.  Probably  the  most  significant  vegeta- 
tion effect  is  the  Increased  risk  of  spreading  noxious 
weeds. 

HISTORICAL,  Archaeological,  and 
Paleontological  Sites 

Proposed  consumptive  use  reservations  would 
affect  60  known  historical,  archaeological,  or  paleon- 
tological sites.  Most  sites  are  located  on  private  land 
where  formal  evaluation  Is  not  required  to  determine 
if  some  sites  might  be  eligible  for  listing  on  the  Na- 
tional Register  of  Historic  Places. 

Storage 

Reservations  may  reduce  water  available  for  fu- 
ture storage  projects.  However,  reservations  gener- 
ally would  not  preclude  storage  of  spring  runoff  flows, 
but  could  make  storage  projects  less  economically 
feasible.  Existing  water  rights  could  be  a  greater  con- 
straint to  the  development  of  new  storage  than  water 
reservations.  Development  of  consumptive  use  res- 
ervations would  decrease  reservoir  levels  in  Canyon 
Ferry,  Fort  Peck,  and  Tiber  reservoirs.  The  reserva- 
tion applications  include  15  water  storage  projects, 
and  together  they  would  store  a  relatively  small 
amount  of  water. 

Recreation 

Instream  reservations  would  help  maintain 
streamflows  on  streams  and  rivers  that  are  impor- 
tant to  recreation  and  tourism.  Recreational  use  of 
water  in  the  Missouri  River  Basin  in  Montana  totaled 
over  2  million  recreation  days  in  1989.    About  61 
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percent  of  the  total  recreation  use  is  on  rivers  and 
streams  and  39  percent  on  reservoirs.  The  most 
important  recreational  resources  in  the  basin  from 
an  economic  perspective  are  the  streams  in  the  Head- 
waters Subbasin  such  as  the  Beaverhead,  Big  Hole, 
Gallatin,  and  Madison  rivers.  The  total  net  economic 
value  of  water-based  recreation  in  the  basin  above 
Fort  Peck  Dam  is  $144  million  per  year. 

Recreational  use  could  decline  under  all  three 
alternatives  as  flows  decrease  in  rivers  and  streams. 
The  eflFects  would  become  more  severe  as  additional 
water  is  withdrawn  from  streams  that  already  have 
low  flows  during  dry  years,  such  as  the  Gallatin, 
Jefferson,  Boulder,  Smith,  Dearborn.  Sun,  Teton, 
Judith,  and  Musselshell  rivers.  Belt  Creek,  and  the 
Marias  River  above  Tiber  Reservoir. 

Instream  flow  values  range  from  $35  an  acre-foot 
per  year  on  headwater  rivers  and  streams  during 
July  and  August,  to  $2  an  acre-foot  per  year  on 
Middle  Missouri  and  Marias/Teton  Subbasin 
streams  during  the  rest  of  the  year.  The  value  of 
recreation  losses  is  estimated  to  be  $3,198,000  per 
year  under  the  Consumptive  Use  Alternative, 
$1,621,000  per  year  under  the  Combination  Alter- 
native and  $310,000  per  year  under  the  Instream 
Alternative. 

Hydropower 

Consumptive  use  reservations  would  eventually 
increase  the  cost  of  electricity  to  ratepayers.  They 
would  do  this  by:  1)  decreasing  streamflows  that  are 
used  to  generate  electricity  and  2)  requiring  produc- 
tion of  additional  electricity.  These  two  actions  would 
require  production  of  replacement  power  that  would 
be  considerably  more  expensive  than  existing  power 
supplies.  The  total  monetary  Impact  to  ratepayers 
would  range  from  $1 1 .5  to  $30.4  million  peryear  under 
the  Consumptive  Use  Alternative,  $4.8  to  12.8  million 
peryear  under  the  CombinationAltemative,  and$1.7  to 
$5.1  million  per  year  under  the  Instream  Alternative. 
The  cost  of  replacing  power  used  under  the  Consump- 
tive Use  Alternative  (in  excess  of  revenue  received  for 
irrigation  pumping)  would  range  between  $5.9  to  $  1 9.3 
million  per  year;  $2.8  to  8.4  million  under  the  Com- 
bination Alternative,  and  $1  to  $4  million  under  the 
Instream  Alternative. 

AGRICULTURE 

Development  of  irrigation  projects  in  the  basin 
under  any  alternative  would  have  a  positive  effect  on 


jobs,  personal  Income,  taxes,  and  agricultural  sales. 
Benefits  would  be  greater  in  the  Marias/Teton  and 
Middle  Missouri  subbasins  than  in  the  Upper  Mis- 
souri and  Headwater  subbasins.  About  30  j  obs  would 
be  created  under  the  Instream  Alternative  and  about 
106  under  the  Consumptive  Use  Alternative.  Per- 
sonal Income  In  the  basin  would  Increase  between 
$1,749,723  and  $6,066,878  per  year.  County  tax 
receipts  would  increase  between  $59,563  and 
$158,440  peryear.  Agricultural  sales  would  increase 
between  1.0  percent  and  3.5  percent. 

SCX:iAL  EFFECTS 

The  reservations  would  not  noticeabfy  change  the 
social  character  of  commvinities  In  the  Missouri  River 
basin.  The  agriculture  community  wiU  remain  stable, 
and  the  recreation  and  tourism-related  services  would 
still  constitute  a  growing  segment  of  the  local  economy. 

NO  ACTION  ALTERNATIVE 

If  the  Board  were  to  deny  all  reservation  applica- 
tions, consumptive  water  users  could  still  apply 
through  the  water  use  permitting  process  to  appro- 
priate water  for  beneficial  uses,  ff  most  or  all  direct 
flows  are  appropriated  by  existing  water  users  such 
as  MPC  and  irrigators,  a  potential  user  could  buy  an 
existing  water  right  and  change  the  use.  Municipali- 
ties could  condemn  existing  water  rights  to  meet 
future  needs. 

Irrigated  agriculture  probably  would  remain 
stable.  Some  new  irrigation  projects  would  be  built  in 
the  basin.  This  number  probably  would  be  offset  by 
the  amount  of  irrigated  land  going  out  of  production 
because  of  low  farm  prices  brought  on  by  high  jrields 
on  good  lands. 

ff  Instream  reservations  are  not  granted,  instream 
flows  in  many  streams  and  rivers  would  not  be  pro- 
tected by  a  water  right.  In  some  instances,  increased 
consumptive  uses  could  lead  to  streams  becoming 
very  low  or  going  dry,  resulting  in  adverse  impacts  to 
water  quality,  aquatic  life,  recreation,  and  wildlife. 
Murphy  water  rights,  large  hydropower  water  rights, 
and  federal  and  state  water  quality  standards  for 
arsenic  would  provide  some  level  of  instream  flow 
protection  in  some  streams  and  rivers. 

If  and  when  Missouri  River  flows  are  divided 
among  basin  states,  Montana  claims  for  future  use 
would  be  stronger  with  consumptive  use  reservations 
in  place. 
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If  present  trends  holds,  few  large  storage  projects 
will  be  built  over  the  next  25  years.  E^mphasis  during 
this  period  will  probably  will  be  on  rehabilitation  and 
enlargement  of  existing  facilities  as  defined  in  the 
state  water  plan. 

BOARD  DECISION  CRITERIA 

The  decision  of  whether  to  grant,  modify,  or  deny 
the  reservation  applications  rests  with  the  Board, 
which  must  abide  by  several  criteria  which  are  dis- 
cussed below.  The  ability  of  the  requested  reserva- 
tions to  meet  these  criteria  is  examined  in  DNRC's 
research  and  analyses  of  the  reservation  applica- 
tions, as  explained  in  Chapter  Seven.  These  results 
are  preliminary  and  do  not  represent  recommenda- 
tions on  whether  any  reservation  request  satisfies 
any  of  these  criteria.  Such  determinations  are  made 
by  the  Board. 

Qualification  and  Purpose 

All  applicants  are  qualified  to  reserve  water 
through  the  Missouri  River  Basin  water  reservation 
proceeding.  The  purposes  for  all  reservation  requests 
are  beneficial  uses  under  Montana  law. 

Need 

A  water  reservation  is  needed  if  "there  is  a  rea- 
sonable likelihood  that  future  instate  or  out-of-state 
competing  water  users  would  consume,  degrade, 
or  otherwise  aflect  the  water  available  for  the  pur- 
pose of  the  reservations"  or  if  "there  are  constraints 
that  would  restrict  the  applicant  from  perfecting 
a  water  permit  for  the  intended  purpose  of  the  reser- 
vation" All  applicants  identified  a  need  to  reserve 
water.  Conservation  Districts  want  to  secure  water 
for  agricultural  production  before  the  water  is  appro- 
priated by  other  users  in  Montana  or  by  down- 
stream states.  They  also  want  to  have  the  option  to 
develop  this  water  when  the  economic  climate 
improves.  Municipalities  want  to  appropriate  water 
to  meet  future  growth  when  available  water  sup- 
plies are  diminishing  in  the  basin.  DFWP  and  BLM 
want  to  have  secure  instream  flows  to  protect  fish, 
wildlife,  recreation,  and  water  quality.  DHES  wants 
to  secure  instream  flows  to  protect  the  public  fi-om 
increased  risk  of  cancer  from  arsenic  concentra- 
tions which  are  already  high.  BUREC  desires  to 
divert  Missouri  River  water  to  reduce  shortages  in 
the  Milk  River  basin. 


AMOUNT 

The  Board  must  determine  the  amount  needed 
to  fulfill  the  purpose  of  the  reservations.  This  amount 
must  be  based  on  accurate  and  suitable  measuring 
methods  and  determinations  that  no  reasonable 
cost-effective  measures  could  be  taken  within  the 
reservation  term  to  Increase  efficiency  and  lessen  the 
amount  of  water  required. 

Conservation  Districts'  requests  are  based  on 
recorded  crop  requirements  and  efficiency  of  pro- 
posed irrigation  systems.  The  majority  of  the  projects 
were  designed  for  efiTlcient  sprinkler  irrigation. 

Three  agencies  requested  instream  flows.  DFWP 
employed  several  methods,  but  used  most  frequentfy 
the  Wetted  Perimeter  Inflection  Point  Method  (WETP) . 
This  method  provides  an  indication  of  streamflows 
necessary  to  maintain  aquatic  habitat  in  rlflle  areas. 
The  BLM  used  the  same  wetted  perimeter  method  to 
determine  yearly  minimum  flows,  but  also  used 
channel  geometry  methods  developed  by  USGS  for 
determining  flows  necessary  to  maintain  channel 
stability.  DHES  feels  that  any  new  consumptive  use 
development  would  increase  the  risk  to  cancer  based 
on  the  high  arsenic  concentrations  in  the  Missouri 
River  and  that  all  remaining  unappropriated  flows 
are  needed  to  protect  public  health.  DHES,  however, 
is  limited  by  statute  to  request  half  the  average  an- 
nual flow  on  gauged  streams  and  this  is  the  amount 
requested  at  4  points  on  the  Missouri  River. 

Municipalities  requested  enough  water  to  service 
population  growth  to  the  year  2025.  Increased  popu- 
lation multiplied  by  per  capita  rate  of  consumption 
was  used  to  calculate  the  total  amount  requested  in 
the  applications.  Per  capita  rates  were  based  on  actual 
use  requirements  for  each  community.  Based  on  the 
1990  census,  11  of  the  18  projections  of  population 
growth,  and  the  associated  amounts  of  water  re- 
quested, may  be  higher  than  actually  wIU  occur. 

BUREC  based  the  amount  of  Its  request  on 
supplemental  water  requirements  for  existing  irri- 
gated lands  along  the  Milk  River  and  on  the  Fort 
Belknap  Indian  Reservation,  and  the  water  neces- 
sary for  full-service  irrigation  of  lands  on  the  Roclty 
Boy's  Indian  Reservation  and  lands  adjacent  to  the 
proposed  canal.  Present  and  future  water  conserva- 
tion measures  will  relieve  some  of  the  water  short- 
ages in  the  basin.  Since  it  is  not  known  how  much 
water  will  be  saved  through  conservation  nor  the  actual 
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amount  the  TYLbes  will  need  to  satisfy  their  federal  re- 
served water  rights,  it  is  dlfflciilt  to  determine  the  ad- 
equacy d"  the  amount  that  BUREXZ;  requested  in  its 
application  for  the  Vligelle  diversion  project. 

Public  Interest 

Reservations  for  municipal  water  supplies  and 
irrigation  would  provide  monetary  benefits  to  basin 
communities.  However,  they  would  have  costs  by 
decreasing  streamflows  which  could  adversefy  effect 
recreation  and  hydropower  production.  Reservations 
for  consumptive  uses  would  also  use  additional 
power,  which  would  eventually  require  the  produc- 
tion of  higher-cost  electricity.  The  value  of  an  acre- 
foot  of  water  for  instream  flow  is  based  on  recreation 
and  electricity  production.  Table  S-1  Identifies  the 
total  benefits  and  costs  of  water  uses  under  the  three 
alternatives.  Net  benefits  per  year  are  greatest  under 
the  Combination  Alternative  ($35 1 .8  million),  slightly 
less  under  the  Instream  Alternative  ($338.5  million) 
and  considerably  lower  under  the  Consumptive  Use 
Alternative  ($152.7  million). 

Municipal  water  developments  have  benefits  that 
exceed  costs  by  $341.3  million  because  of  the  small 
amount  of  water  consumed  and  the  high  value  of  this 
use  under  all  three  alternatives  (Table  S-2).  In  con- 
trast, proposed  irrigation  projects  consume  large 
amounts  of  water.   Total  costs  associated  with  the 


depletions  would  exceed  total  benefits  by  $188.6 
million  per  year  under  the  Consumptive  use  Alterna- 
tive, $27.2  million  per  year  under  the  Combination 
Alternative  and  $2.8  million  per  year  under  the  In- 
stream Alternative  (Table  S-2). 

The  value  of  an  acre-foot  of  water  for  Instream 
and  consumptive  uses  can  be  compared  when  reser- 
vations for  the  two  uses  are  both  requesting  the  same 
water.  Sixty-two  proposed  irrigation  pro)  ects  would 
value  an  acre-foot  of  water  at  a  greater  level  than  the 
instream  values,  and  157  proposed  irrigation  projects 
would  value  water  less  than  the  instream  values. 
The  value  of  an  acre-foot  of  water  for  all  municipal 
reservations  exceeds  the  instream  flow  and  proposed 
Irrigation  project  values.  Instream  flow  values  are 
greatest  In  the  Headwaters  Subbasln  where  the  rec- 
reation value  is  the  highest  and  where  each  acre-foot 
of  water  can  be  passed  along  to  be  used  to  generate 
hydroelectrlcity  at  downstream  hydropower  facili- 
ties. Instream  values  decline  progressively  with  dis- 
tance downstream  but  the  value  of  water  for  irriga- 
tion remains  more  consistent  throughout  the  basin. 

On  each  stream  or  stream  reach,  the  number  of 
requests  that  will  give  the  greatest  net  benefit  Is 
based.  In  part,  on  the  amount  of  water  available. 
However,  water  availability  may  not  be  definitely 
known  before  the  Board  acts  on  the  reservation  re- 
quests. 


Table  S-1 .  Benefits  and  costs  of  water  use  under  three 
aHernatives 

($  million)" 


Consumptive  Use   Instream    Combination 


Irrigation  134.1  38.7  119.9 

Municipal  343.2  343.2  343.2 

Recreation  -70.3  -6.7  -35.7 

Hydropower  Production  -213.4  -27.6  -87.3 

Replacement  Power  -40.9  -9.1  -18.0 

Total  152.7  338.5  351.8 


a  Positive  values  represent  benefits  and  negative  values  represent 
costs. 


Table  S-2.  Benefits  and  costs  of  municipal  use  and 
irrigation  use  under  three  alternatives 

($  million)* 


Consumptive  Use  Instream  Combination 


Irrigation 
benefits 
costs 

net 

Municipal 
benefits 
costs 
net 


a  Positive  values  represent  t>enefits  and  negative  values  represent 
costs. 


134.1 

38.7 

119.9 

-32?.7 

-41,5 

-139,1 

-188.6 

-2.8 

-27.2 

343.2 

343.2 

343.2 

-1.9 

-1,9 

-1.9 

341.3 

341.3 

341.3 
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Aquifer:  A  porous  subsurface  formation  that  con- 
tains groundwater. 

Consumptive  water  use:  Any  use  of  water  that  re- 
sults In  water  being  consumed  by  plants, 
evaporated,  or  otherwise  lost  from  Its  source 
and  unavailable  for  other  use. 

Contested  case  hearing:  A  public  hearing  held  if 
valid  objections  from  existing  water  right  hold- 
ers are  received  to  water  reservation  applica- 
tions. The  findings  of  the  hearing  wUl  be  sub- 
mitted to  the  Board  which  will  use  them  when 
reaching  a  decision  on  the  water  reservation 
applications. 

Dead  storage:  In  a  reservoir,  water  which  cannot  be 
withdrawn  because  It  Is  below  the  level  of  the 
outlet. 

Discliarge:  The  total  volume  of  water  In  a  stream 
passing  a  given  p  olnt  over  a  given  period  of 
time — quantified  In  this  EIS  as  cubic  feet  per 
second  or  "cfs." 

Gigawatt:  One  billion  watts.  1,000  megawatts. 

Headwater  benefits:  Increased  hydropower  produc- 
tion capabilities  the  Montana  Power  Company 
receives  as  a  result  of  releases  of  stored  water 
by  the  U.S.  Bureau  of  Reclamation  from  Can- 
yon Ferry  Reservoir. 

Irrigation  return  flow:  Water  that  returns  to  a  sur- 
face water  body  after  Irrigation. 

Mitigation:  In  the  case  of  environmental  Impacts,  an 
effort  to  avoid,  minimize,  or  reduce  such  Im- 
pacts. 


Nanogram:  One  billionth  of  a  gram  (.000000001 
grams). 

Net  present  value:  The  value  today  of  a  sum  of 
money  that  will  be  paid  or  earned  In  the  future. 

Percentile  exceedance  flows:  Flow  rates  which  have 
been  equalled  or  exceeded  at  a  given  frequency 
over  a  given  period  of  record  (see  page  43  for 
further  explanation). 

Pick-Sloan  power:  Power  marketed  at  cost  to  con- 
gresslonally  designated  preferred  customers 
under  the  Pick-Sloan  Plan  at  savings  of  as 
much  as  $0.0015  per  kWh  over  alternative 
sources. 

Pick-Sloan  Program:  A  program  initiated  by  Con- 
gress as  part  of  Flood  Control  Act  of  1944.  It  is 
the  development  plan  for  the  Missouri  River 
basin's  system  of  dams,  reservoirs,  and  associ- 
ated projects.  The  goal  of  the  program  was  to 
"secure  the  maximum  benefits  for  flood  con- 
trol. Irrigation,  navigation,  power,  domestic  and 
sanitary  purposes,  wildlife,  and  recreation." 

Riparian:  Relating  to  or  living  on  the  bank  of  a  stream 
or  other  water  body. 

Water  diversion:  The  removal  of  water  from  Its 
source  by  use  of  a  canal,  ditch,  pipe,  or  other 
conveyance. 

Water  rights,  permits,  reservations,  etc.:  See 

Chapter  Two  for  definitions  of  all  terms  relating 
to  water  law. 


CHAPTER  ONE 

INTRODUCTION 


In  1985.  the  Montana  Legislature  directed  the 
Department  of  Natural  Resources  and  Conservation 
(DNRC)  to  initiate  and  coordinate  a  proceeding  that 
allows  public  entities  (state  and  federal  agencies  and 
subdivisions  of  the  state)  to  reserve  water  in  the 
Missouri  River  basin  of  Montana  for  future  use.  This 
reservation  proceeding  was  initiated  for  two  reasons. 
First,  it  was  thought  that  the  comprehensive  plan- 
ning required  in  a  reservation  process  would  encour- 
age more  efficient  development  of  the  water  resources 
in  the  basin.  Second,  the  reservation  proceeding  was 
seen  as  a  way  to  build  a  strong  legal  basis  for  protect- 
ing Montana's  share  of  Missouri  River  water  in  any 
future  litigation  with  other  states  or  in  a  congres- 
sional apportionment  of  the  water  between  states. 

The  legislature  was  particularly  concerned  that 
downstream  states  might  litigate  for  the  guaranteed 
delivery  of  Missouri  River  flows  from  Montana.  Mon- 
tana can  best  prepare  for  negotiation  or  litigation  by 
identifying  its  present  and  future  water  needs  and 
legally  reserving  water  in  amounts  sufficient  to  meet 
those  needs. 

In  reservation  proceedings,  local  governments, 
conservation  districts,  and  state  and  federal  agencies 
are  encouraged  to  apply  to  reserve  water  for  existing 
and  future  water-consuming  uses  or  to  maintain  a 
minimum  flow,  level,  or  quality  of  water  (§85-2-316, 
MCA).  Under  the  law,  DNRC  is  responsible  for  assist- 
ing in  preparing  the  reservation  applications  and  for 
coordinating  the  reservation  process.  The  Board  of 
Natural  Resources  and  Conservation  (Board),  a 
governor-appointed  group  of  seven  citizens,  decides 
whether  to  grant,  deny,  or  modify  reservation  re- 
quests. The  Board's  decisions  on  reservation  appli- 
cations in  the  Missouri  basin  wUl  be  based  on  a 
record  of  evidence  that  includes  the  information  pro- 
vided in  the  applications,  environmental  impact 
statement,  and  a  contested  case  hearing. 

Due  to  the  vast  size  of  this  basin,  the  Missouri 
reservation  proceeding  has  been  split  into  two  parts. 
Applications  for  water  in  the  upper  portion  of  the 


basin,  which  encompasses  the  drainage  area  up- 
stream from  Fort  Peck  Dam,  are  being  considered 
first.  After  an  environmental  review  and  contested 
case  hearing,  final  decisions  on  the  upper  basin  ap- 
plications wUl  be  made  by  the  Board  before  Jufy  1, 
1992.  This  draft  environmental  impact  statement 
(EIS)  addresses  only  those  applications  for  the  res- 
ervation of  water  in  the  basin  upstream  from  Fort 
Peck  Dam.  Applications  for  water  in  the  basin  below 
Fort  Peck  Dam  and  in  the  Little  Missouri  and  MUk 
river  basins  had  to  be  compiled  by  July  1 .  1 99 1 .  and 
will  undergo  similar  review  and  hearings.  The  Board 
has  untU  December  31.  1993,  to  act  on  these  appli- 
cations. Any  reservation  granted  in  either  the  upper 
or  lower  portion  of  the  basin  will  receive  a  July  1 . 
1985.  priority  date  (except  for  the  Little  Missouri 
River  basin,  where  the  priority  date  will  be  July  7, 
1989). 

EIS  PROCESS 

This  draft  EIS  was  prepared  to  satisfy  the  Mon- 
tana Water  Use  Act  and  the  Montana  Environmental 
Policy  Act  (MEP^.  MEPA  requires  that  an  EIS  be 
prepared  to  address  government  actions  that  might 
significantly  affect  the  quality  of  the  environment. 
DNRC  determined  that  the  reservations,  if  granted, 
met  these  criteria  and  that  preparation  of  an  EIS  was 
required.  This  EIS  provides  information  to  the  Board 
to  use  in  deciding  whether  it  should  grant,  modify,  or 
deny  water  reservations  that  have  been  applied  for  In 
the  Missouri  basin.  It  also  serves  to  inform  the 
public  of  the  possible  environmental  consequences 
of  any  action  by  the  Board  on  the  pending  water 
reservation  applications. 

This  EIS  addresses  all  pending  water  reserva- 
tions requested  in  the  basin  above  Fort  Peck  Dam 
and  describes  in  general  terms  the  reservation  re- 
quests and  the  parties  and  resources  that  would  be 
affected  if  the  requests  are  granted.  Significant,  ba- 
sin-wide issues  and  the  cumulative  effects  of  grant- 
ing the  reservations  are  the  main  focuses  of  the  EIS. 


Detcdled  project  assessments  were  completed  on 
all  reservation  applications.  These  assessments  were 
used  in  preparing  this  draft  EIS  and  are  available  for 
review  by  contacting  DNRC  in  Helena. 

The  public  has  several  opportunities  to  partici- 
pate in  the  EIS  process.  In  the  first  of  these,  public 
meetings  were  held  to  help  determine  the  issues  that 
should  be  examined  in  the  EIS.  These  issues,  along 
with  information  from  state  and  federal  agencies, 
were  combined  with  research  results  and  other  data 
to  form  the  basis  for  the  draft  EIS.  The  draft  EIS  will 
be  distributed  to  the  public  to  give  Interested  parties 
the  opportunity  to  review  and  comment.  DNRC  will 
then  hold  additional  public  meetings  to  gather  writ- 
ten and  oral  comments.  DNRC  will  then  evaluate  the 
comments  and  publish  a  final  EIS  that  contains 
DNRC's  responses  to  comments  and  provides  infor- 
mation on  issues  raised  following  publication  of  the 
draft  EIS. 

CONTESTED  CASE  HEARING 

After  the  final  EIS  is  distributed  to  the  public, 
DNRC  issues  legal  notice  to  water  right  holders  and 
other  interested  parties  of  the  reservation  applica- 
tions and  accepts  written  objections.  If  valid  objec- 
tions are  received,  the  Board  appoints  a  hearings 
examiner,  and  a  formal  contested  case  hearing  is 
held.  At  the  hearing,  applicants  and  objectors 
present  testimony  and  evidence.  This  is  the  final 
opportunity  for  public  involvement.  The  hearings 
examiner  then  presents  findings  and  recommenda- 
tions to  the  Board.  Based  on  its  review  of  this  record. 


the  Board  adopts  findings  and  issues  a  decision  that 
can  fully  grant,  partially  grant,  modify,  or  deity  re- 
quested reservations. 

WHO  HAS  APPLIED 

The  application  deadline  for  water  reservations 
in  the  basin  above  Fort  Peck  Dam  was  July  1 ,  1989. 
DNRC  received  applications  from  18  conservation 
districts  to  provide  water  for  220  new  and  supple- 
mental irrigation  projects,  from  18  municipalities, 
and  from  the  U.S.  Bureau  of  Reclamation  (BUREC) 
to  divert  water  from  the  Missouri  to  alleviate  water 
shortages  in  the  Milk  River  basin.  The  Montana 
Department  of  Fish,  Wildlife  and  Parks  (DFWP)  ap- 
plied for  Instream  flows  on  283  stream  segments,  the 
Montana  Department  of  Health  and  Environmental 
Sciences  (DHES)  for  instream  flows  at  four  points  on 
the  main  stem  to  protect  water  quality,  and  the  U.S. 
Bureau  of  Land  Management  (BLM)  for  Instream 
flows  on  31  headwater  stream  segments  to  protect 
fisheries  and  wildlife.  A  more  detailed  list  and  dis- 
cussion of  the  applicants'  requests  are  presented  in 
Chapter  Three. 

AGENCIES  WITH  ADDITIONAL 
PERMITTING  AUTHORITY 

If  the  Board  grants  reservations,  other  agencies 
may  have  additional  regulatory  juri^iction  over 
project  development.  These  agencies  are  listed  in 
Table  1-1. 


Table  1-1 .  Agencies  with  reguiatory  Jurisdiction  relating  to  water  reservations 


Conservation  districts 

County 

Department  of  Fish,  Wildlife 
and  Parl<s 

Department  of  Health  and 
Environmental  Sciences 

Department  of  Natural  Resources 
and  Conservation 

Department  of  State  Lands 

State  Historic  Preservation  Office 

Federal  Energy  Regulatory 
Commission 

U.S.  Army  Corps  of  Engineers 

U.S.  Bureau  of  Land  Management 

U.S.  Fish  and  Wildlife  Service 
U.S.  Forest  Service 


Private  projects  that  affect  the  bed  or  banks  of  perennial  streams 

Floodplain  permit  for  facilities  within  designated  floodplains 

Governmental  projects  that  affect  streams; 

consultation  with  conservation  districts  regarding  private  projects 

Water  quality  and  air  quality 
permits,  solid  and  hazardous  wastes 

Water  Use  Permit  and  Change  of  Use 
Permit;  dam  safety  construction  permit 

Easements  across  state  lands 

Archaeological  and  historical  resources  survey 

Licensing  and  relicensing  of  hydropower  facilities 

404  water  quality  and  wetland  disturbance  permits;  easements  across  public  lands 

Special  use  permit;  Upper  Missouri  Wild  and  Scenic  River;  easements  across 
public  lands 

Endangered  and  threatened  species;  federal  projects  that  affect  streams 

Special  use  permit;  easements  across  public  lands 


CHAPTER  TWO 

MONTANA  WATER  LAW 


INTRODUCTION 

Water  use  In  Montana  is  generalfy  guided  by  the 
prior  appropriation  doctrine.  One  of  the  legal  prin- 
ciples under  the  prior  appropriation  doctrine  is  "first 
in  time  is  first  in  right."  The  first  person  to  use  water 
fi^om  a  source  establishes  the  first  right,  the  second 
person  is  free  to  divert  flows  from  what  is  left,  and  so 
on.  During  a  dry  year,  the  person  with  the  earliest 
priority  date  has  first  chance  at  the  available  water  to 
the  limit  of  his  or  her  established  right.  The  holder  of 
the  second  earliest  priority  date  has  the  next  chance, 
and  so  on. 

Another  central  element  of  the  prior  appropria- 
tion doctrine  is  that  the  water  must  be  put  to  ben- 
eficial use.  The  Montana  Supreme  Court  has  stated 
that  beneficial  use  is  the  "basis,  measure,  and  limit" 
of  a  water  right.  McDonald  v.  State.  220  Mont.  519 
(1986).  Under  Montana  law,  beneficial  uses  include, 
but  are  not  limited  to,  agriculture  (including  stock 
water),  domestic,  fish  and  wildlife,  industrial,  irriga- 
tion, mining,  municipal,  power,  and  recreational 
uses.  The  nature  and  extent  of  a  water  right  is 
defined  by  how  water  has  been  beneficially  used  in 
the  past.  Once  a  water  right  is  established,  it  can  be 
lost  through  abandonment  if  the  beneficial  use  is  not 
continued. 

Under  the  prior  appropriation  doctrine  in  Mon- 
tana, there  are  various  "tj^ies"  of  water  rights  de- 
pending on  what  procedure  for  obtaining  a  water 
right  was  In  force  at  the  time  the  right  was  estab- 
lished. However,  the  basic  principles  of  first  in  time, 
first  in  right,  and  beneficial  use  apply  to  all  types  of 
water  rights  acquired  under  state  law. 

The  most  significant  change  in  how  water  rights 
are  created  and  administered  occurred  in  1973  when 
the  legislature  enacted  the  Montana  Water  Use  Act. 
The  Water  Use  Act,  eflectlve  July  1,  1973,  recognized 
and  confirmed  water  rights  that  had  been  used  in  the 
past.     But,  because  there  were  only  incomplete 


records  to  determine  what  water  had  been  used,  the 
act  also  created  a  ^rstem  for  filing  claims  and  adju- 
dicating those  historical  rights.  This  adjudication 
process  also  Includes  water  rights  claimed  under 
federal  law  by  Indian  tribes  and  the  federal  govern- 
ment. Further,  the  act  established  a  new  adminis- 
trative permit  system  for  obtaining  a  water  right  after 
July  1.  1973. 

STATE  WATER  RIGHTS 

Existing  rights 

Water  rights  created  prior  to  1973  are  commonly 
referred  to  as  existing  rights.  One  way  existing  rights 
were  obtained  was  by  filing  for  the  water  with  the 
county  clerk  and  recorder  and  then  putting  the  water 
to  beneficial  use.  Such  a  right  is  called  a  filed  right. 
A  filed  right  has  a  priority  date  as  of  the  date  of  filing. 
If  the  approprlator  diligently  put  the  water  to  benefi- 
cial use.  Existing  rights  also  were  obtained  by  divert- 
ing, impounding,  or  withdrawing  water  and  putting 
it  to  beneficial  use  (use  right).  The  priority  date  for  a 
use  right  was  the  date  the  water  was  actually  put  to 
beneficial  use.  Some  existing  water  rights  (decreed 
rights)  were  adjudicated  and  recorded  by  local  dis- 
trict courts  as  a  result  of  water  disputes.  Finally,  a 
special  class  of  existing  rights  (Murphy  rights)  were 
created  by  the  legislature  to  preserve  instream  flows 
on  12  blue  ribbon  trout  streams. 

A  1979  law  required  all  holders  of  water  rights 
created  prior  to  July  1 ,  1973,  to  file  a  claim  for  those 
rights  by  April  30,  1982,  or  they  would  be  deemed 
abandoned.  The  Water  Court  is  conducting  a  general 
statewide  adjudication  to  determine  the  validity  of  all 
claimed  pre- 1973  rights.  (When  a  judge  hears  a  case 
and  renders  a  decision,  the  matter  is  said  to  have 
been  adjudicated.  In  the  matter  of  water  rights, 
ad/udicattonref ers  specifically  to  the  settling  of  claims 
filed  for  water  rights.)  Refer  to  Chapter  Four  for  a 
discussion  of  the  status  of  the  adjudication  In  the 
Missouri  River  basin. 


Permits 

Since  the  enactment  of  the  Water  Use  Act  of 
1973,  persons  seeking  to  obtain  a  water  right  must 
apply  for  a  permit  from  DNRC.  The  priority  date  for 
a  water  use  permit  is  the  date  that  the  application  is 
accepted  by  DNRC.  For  a  summary  of  existing  water 
right  claims  and  permits  by  type  of  use  in  the  Upper 
Missouri  River  basin,  see  Appendix  A  For  a  discus- 
sion of  new  permits  issued  upstream  of  Morony  Dam 
in  the  Missouri  River  basin,  refer  to  Chapter  Four. 

Water  reservations 

Montana  has  created  a  unique  class  of  water 
rights  labeled  water  reservations.  Under  the  water 
reservation  system,  water  is  appropriated  for  in- 
stream  or  future  water-consuming  uses.  Essen- 
tially, water  reservations  are  very  similar  to  water 
right  permits.  However,  there  are  important  distinc- 
tions in  who  can  hold  this  type  of  water  right,  the 
requirements  for  establishing  the  rights,  the  process 
for  obtaining  them,  and  in  some  cases  the  possibility 
of  having  the  rights  reallocated  to  another  use.  Un- 
der the  water  reservation  statute,  only  state  or  fed- 
eral agencies  or  political  subdivisions  of  the  state 
may  apply  for  a  water  reservation  (§85-2-316(1), 
MCA).  Water  reservations  may  be  acquired  for  any 
beneficial  use. 

The  water  reservation  statute  is  the  only  means 
to  acquire  a  water  right  for  instream  flows  to  protect 
water  quality,  fish,  wildlife,  and  recreation.  The  pur- 
pose of  instream  flows  is  to  maintain  a  minimum 
flow,  level,  or  quality  of  water  throughout  the  year  or 
a  period,  or  for  a  length  of  time  designated  by  the 
Board.  These  flows  can  be  reserved  without  the 
usual  requirement  for  withdrawal.  Impoundment,  or 
diversion  of  the  water  and  implemented  immediately 
upon  being  granted.  The  water  reservation  statute 
also  allows  water  to  be  appropriated  now  for  future 
consumptive  use.  By  appropriating  the  water  now, 
the  reservant  maintains  an  early  priority  date  even 
through  it  may  be  years  or  decades  Into  the  future 
before  the  water  Is  actually  developed. 

The  Board  of  Natural  Resources  and  Conserva- 
tion is  responsible  for  issuing  orders  adopting  water 
reservations.  Before  an  order  reserving  water  may 
be  adopted,  the  applicant  must  establish  to  the 
Board's  satisfaction: 


1 .  The  purpose  of  the  reservation 

2.  The  need  for  the  reservation 

3.  The  amount  of  water  necessary  for  the  purpose  of 
the  reservation 

4.  That  the  reservation  is  in  the  public  interest 

The  Board's  decision-making  process  regarding 
water  reservations  Is  covered  by  the  Administrative 
Procedure  Act  (APA).  Under  the  APA,  appeal  for 
judicial  review  by  the  district  court  is  provided  for  any 
party  who  fully  participates  In  the  contested  case 
hearing  (typically  not  persons  offering  public  testi- 
mony only)  and  who  is  aggrieved  by  the  Board's  final 
decision  (§2-4-704(1),  MCA). 

However,  the  district  court  is  limited  in  what  it 
can  review.  The  court  will  review  only  the  record 
established  by  the  Board  and  will  not  consider  new 
evidence  or  testimony  unless  the  appellant  can  show 
good  reason  why  it  wasn't  presented  to  the  Board. 
The  court  cannot  substitute  its  judgement  for  the 
Board's,  but  can  only  modify  or  reverse  the  Board's 
decision  if: 

1.  The  administrative  findings.  Inferences,  conclu- 
sions, or  decisions  are: 

(a)  In  violation  of  constitutional  or  statutory  pro- 
visions; 

(b)  In  excess  of  the  statutory  authority  of  the 
agency; 

(c)  Made  upon  unlawful  procedure; 

(d)  Affected  by  other  error  of  law; 

(e)  Clearly  erroneous  In  view  of  the  reliable,  pro- 
bative, and  substantial  evidence  on  the  whole 
record; 

(f)  Arbitrary  or  capricious  or  characterized  by 
abuse  of  discretion  or  clearly  unwarranted 
exercise  of  discretion;  or 

2.  Findings  of  fact  upon  issues  essential  to  the  de- 
cision were  not  made,  though  they  were  requested 
(§2-4-704(2)(a.b).  MCA). 

The  district  court's  decision  can  be  appealed  to 
the  Montana  Supreme  Court. 

These  criteria  are  discussed  further  In  Chapter 
Three.  For  proposed  uses  requiring  a  diversion  or 
storage  facility,  each  applicant  must  submit  a  de- 
tailed development  plan. 

A  water  reservation,  when  adopted,  becomes  a 
water  right.  However,  If  the  objectives  of  the  reserva- 


tion  are  not  being  met.  the  Board  can  later  modify  or 
revoke  that  water  right.  The  Board  must  review 
water  reservations  at  least  once  every  10  years  to 
ensure  that  the  objectives  of  the  reservation  are 
being  met.  In  the  case  of  Instream  flows  granted  by 
the  Board,  all  or  a  portion  of  the  flow  may  be  reallo- 
cated to  a  different  use  If  the  applicant  for  realloca- 
tion Is  a  qualified  reservant  and  can  show  that  the 
Instream  flow  Is  not  required  for  Its  purpose  and 
that  the  need  for  reallocation  to  the  applicant  out- 
weighs the  need  shown  by  the  original  reservant. 
(§85-2-316(11).  MCA.) 

Several  water  reservation  rights  have  been  es- 
tablished In  the  Yellowstone  River  basin.  In  1978. 
the  Board  granted  water  reservation  applications 
for  agriculture  (stock  water).  Irrigation,  municipal, 
fish  and  wildlife,  water  quality,  and  storage. 

Two  water  reservation  applications  In  the  upper 
Clark  Fork  basin,  one  for  Instream  fiows  and  one  for 
two  storage  projects  for  agricultural  purposes,  are 
currently  pending. 

All  water  reservations  granted  in  the  Missouri 
River  basin  under  the  present  reservation  process 
will  have  a  priority  date  of  July  1,  1985.  (§85-2-316, 
MCA)  However,  the  Board  must  set  the  relative 
priorities  within  the  Jufy  1 . 1 985.  date  for  the  differ- 
ent reservations. 


Federal  Reserved  Rights 

A  federal  reserved  water  right  Is  a  right  implied  by 
an  act  of  Congress,  a  treaty,  or  an  executive  order 
establishing  a  tribal  or  federal  reservation.  These 
rights  arise  out  of  federal,  not  state,  law.  The  amount 
of  water  reserved  under  such  a  right  depends  on  the 
purpose  for  which  the  land  was  reserved.  In  Mon- 
tana, reserved  water  rights  have  been  claimed  for 
seven  Indian  reservations  Inside  the  state  and  Indian 
allotments  for  members  of  the  Turtle  Mountain 
Chippewa  Tribe,  whose  reservation  Is  In  North  Da- 
kota. Reserved  water  has  also  been  claimed  for  fed- 
eral land  holdings  In  Montana.  Including  the  national 
parks,  forests,  wildlife  refuges,  and  a  federally  desig- 
nated wild  and  scenic  river.  (See  Chapter  Four.) 

The  nature  and  extent  of  each  reserved  right  will 
be  determined  through  the  statewide  adjudication 
process.  The  Montana  Reserved  Water  Rights  Com- 
pact Commission,  created  In  1979,  Is  authorized  to 
negotiate  settlements  with  federal  agencies  and  In- 
dian tribes  that  claim  federal  reserved  water  rights 
within  the  state.  These  claims  are  suspended  from 
the  adjudication  while  they  are  being  negotiated  by 
the  compact  commission. 

WATER  LEASING  FOR 
INSTREAM  FLOWS 


In  1989,  the  legislature  added  the  Little  Mis- 
souri River  basin  to  the  Missouri  River  basin  reser- 
vation process.  Applications  for  water  reservations 
for  the  Little  Missouri  River  basin  must  be  submit- 
ted to  DNRC  by  July  1.  1991.  and  the  Board  must 
make  a  final  determination  on  these  reservations  by 
December  31.  1993.  However,  the  priority  date  for 
any  water  reservations  that  may  be  granted  in  the 
Little  Missouri  River  basin  pursuant  to  this  process 
will  be  July  1,  1989. 

Persons  who  receive  a  water  use  permit  on  the 
Missouri  River  with  a  priority  date  between  July  1 , 
1985  (or  July  1.  1989,  in  the  case  of  the  Uttle  Mis- 
souri River)  and  the  date  the  Board  adopts  an  order 
granting  a  water  reservation  may  seek  to  have  any  or 
all  reservations  subordinated  to  the  permit.  How- 
ever, for  the  Board  to  subordinate  a  reservation  to  a 
permit,  the  permit  holder  must  show  that  the  sub- 
ordination will  not  Interfere  substantially  with  the 
purpose  of  the  reservation. 


The  1989  legislature  authorized  DFWP  to  lease 
existing  water  rights  for  Instream  flows  (§85-2-436, 
MCA)  as  part  of  a  study  program.  The  purpose  of  the 
legislation  Is  to  examine  the  feasibility  of  leasing  ex- 
isting water  rights  to  maintain  and  enhance  stream- 
flow  for  fisheries.  This  four-year  pUot  program  allows 
DFWP  to  lease  water  from  willing  water  right  holders. 

WATER  QUALITY 

The  Montana  Department  of  Health  and  Environ- 
mental Sciences  (DHE^),  in  conjunction  with  the 
Board  of  Health  and  Environmental  Sciences  (BHE^), 
administers  programs  and  laws  to  protect,  maintain, 
and  Improve  the  quality  of  water  for  all  beneficial 
uses.  Under  the  authority  of  the  Montana  Water 
Quality  Act  and  the  Federal  Clean  Water  Act,  DHES 
enforces  water  quality  standards  for  surface  water 
and  groundwater.  Issues  permits  for  wzistewater  dis- 
charges, reviews  the  operation  and  maintenance  of 


8 


municipal  and  Industrial  wastewater  treatment  fa- 
cilities, and  monitors  wastewater  discharges  and 
ambient  water  quality.  DHES  also  is  responsible  for 
toxic  substance  control  and  oversight  of  activities 
afifecting  water  quality  to  ensure  compliance  with  the 
Federal  Clean  Water  Act  and  the  Montana  Water 
Quality  Act. 

The  Montana  Water  Quality  Act  establishes  surface 
water  quality  standards  and  a  water  use  classifica- 
tion system  to  protect,  maintain,  and  improve  the 
quality  of  water.  Montana's  classification  scheme  is 
summarized  In  Table  2- 1 . 

Montana's  water  quality  classifications  are  based 
on  beneficial  uses  and  reflect  the  state's  varied  water 
quality  problems  and  natural  conditions.  Specific 
physical,  chemical,  and  biological  criteria  are  used  to 
establish  the  quality  of  water  necessary  to  support  a 
given  beneficial  use  (Table  2-2).  Specific  numeric 


criteria  are  not  listed  in  Table  2-2  for  some  param- 
eters because  the  level  at  which  uses  are  impaired 
depends  on  temperature,  pH,  and  water  hardness. 

To  protect  beneficial  uses,  DHE^S  has  adopted 
water  quality  standards  that  establish  maxJmuni 
allowable  changes  In  surface  water  quality  param- 
eters for  each  stream  on  the  basis  of  its  classification. 
Standards  vary  for  each  classification  (Table  2-1). 
Most  streams  in  the  upper  Missouri  are  within  the  A 
and  B  classifications.  Levels  set  for  toxic  and  delete- 
rious substances  in  the  "Gold  Book"  of  the  U.S. 
Environmental  Protection  Agency  (EP/^  (U.S.  EPA 
1986  and  1987)  also  have  been  included  in  Montana 
statutes  by  reference. 

Montana  administers  a  variety  of  programs  to 
protect  groundwater  quality.  The  Montana  Ground 
Water  Pollution  Control  System  was  approved  by 
BHES  in  October  1982.     The  program  includes 


Table  2-1 .  Montana  water  classifications  for  specific  uses 


A-CLOSED  CLASSIFICATION:  Waters  classified  A- 
Closed  are  suitable  for  drinking,  culinary,  and  food  process- 
ing purposes  after  simple  disinfection. 

A-1  CLASSIFICATION:  Waters  classified  A-1  are  suit- 
able for  drinking,  culinary,  and  food  processing  purposes 
after  conventional  treatment  for  removal  of  naturally  present 
impurities. 

B-1  CLASSIFICATION:  Waters  classified  B-1  are  suit- 
able for  drinking,  culinary,  and  food  processing  purposes 
after  conventional  treatment;  bathing,  swimming,  and  recre- 
ation; growth  and  propagation  of  salmonid  fishes  and  asso- 
ciated aquatic  life,  waterfowl,  and  furbearers;  and  agricul- 
tural and  industrial  water  supply. 

B-2  CLASSIFICATION:  Waters  classified  B-2  are  suit- 
able for  drinking,  culinary,  and  food  processing  purposes 
after  conventional  treatment;  bathing,  swimming,  and  recre- 
ation; growth  and  propagation  of  salmonid  fishes  and  asso- 
ciated aquatic  life,  waterfowl,  and  furbearers;  and  agricultural 
and  industrial  water  supply. 

B-3  CLASSIFICATION:  Waters  classified  B-3  are  suit- 
able for  drinking,  culinary,  and  food  processing  purposes 
after  conventional  treatment;  bathing,  swimming,  and  rec- 
reation; growth  and  propagation  of  non-salmonid  fishes  and 
associated  aquatic  life,  waterfowl,  and  furbearers;  and  ag- 
ricultural and  industrial  water  supply. 


C-1  CLASSIFICATION:  Waters  classified  C-1  are 
suitable  for  bathing,  swimming,  and  recreation;  growth  and 
propagation  of  salmonid  fishes  and  associated  aquatic  life, 
waterfowl,  and  furbearers;  and  agricultural  and  industrial 
water  supply. 

C-2  CLASSIFICATION:  Waters  classified  C-2  are 
suitable  for  bathing,  swimming,  and  recreation;  growth  and 
propagation  of  salmonid  fishes  and  associated  aquatic  life, 
waterfowl,  and  furiaearers;  and  agricultural  and  industrial 
water  supply. 

C-3  CLASSIFICATION:  Waters  classified  C-3  are 
suitable  for  bathing,  swimming,  and  recreation;  growth  and 
propagation  of  non-salmonid  fishes  and  associated  aquatic 
life,  waterfowl,  and  furbearers.  The  quality  of  these  waters  is 
naturally  marginal  for  drinking,  culinary,  and  food  processing 
purposes  and  agricultural  and  industrial  water  supply.  Deg- 
radation that  will  impact  established  beneficial  uses  will  not 
be  allowed. 

I  CLASSIFICATION:  The  goal  of  the  State  of  Montana 
is  to  have  these  waters  fully  support  the  following  uses: 
drinking,  culinary,  and  food  processing  purposes  after  con- 
ventional treatment;  bathing,  swimming,  and  recreation; 
growth  and  propagation  of  fisheries  and  associated  aquatic 
life,  waterfowl,  and  furbearers;  and  agricultural  and  industrial 
water  supply. 


Table  2-2.  Water  quality  criteria  for  protection  of  beneficial  uses 
(maximum  values  In  milligrams/liter  unless  otherwise  noted)^ 


Parameters 


HH(FW)2 


PWS3 


A(C)* 


A(W)5 


REC« 


AGR7 


Dissolved  oxygen 

Fecal  conforms^ 

Nitrite  as  nitrogen 

Nitrate  as  nitrogen 

Total  ammonia 

Un-ionized  ammonia 

Total  inorganic  nitrogen 

Total  phosphorus 

Total  dissolved  solids 

Conductance  (micromhos/cm) 

Turbidity  (HTUy° 

Total  suspended  solids 

Chloride 

Sulfate 

Cyanide 

Sodium 

Sodium  adsorption  ratio 

Fluoride 

Arsenic 

Barium 

Boron 

Chromium  VI 

Chromium  III 

Iron 

Manganese 

Selenium 

Mercury 

Copper 

Lead 

Zinc 

Cadmium 

Nickel 

Silver 

pH  (minimum)^  ^ 

pH  (maximum)" 

Temperature  (C) 

Temperature  (F) 


narrative^ 


1.0 

10.0 

10.0 

narrative^ 

0.5 

narrative^ 

250.0 

500 

narrative^ 

narrative^ 

narrative^ 

250 

250 

0.2 

0.2 

2.4 

0.000020 

0.05 

1.00 

1.0 

0.050 

0.05 

170.00 

0.05 

0.3 

0.3 

0.050 

0.05 

0.010 

0.01 

0.000144 

0.002 

1.0 

0.05 

0.05 

5.0 

0.010 

0.01 

0.0134 

0.015 

0.05 

0.05 

6.5 

8.5 

narrative^ 

narrative^ 

^7X) 


0.06 


0.03 
1.00 
0.10 


10 
30 


0.0052 


0.19 


^.0 
5.0 


0.03 
1.00 
0.10 


50 
90 


0.0052 


0.19 


0.011 

0.011 

0.210 

0.210 

1.0 

1.0 

0.035 

0.035 

0.002 

0.002 

0.012 

0.012 

0.003 

0.003 

0.047 

0.047 

0.001 

0.001 

0.096 

0.096 

0.004 

0.004 

6.5 

6.5 

85 

9.0 

19.4 

26.6 

67.0 

80.0 

200 


0.10 


6.5 
8.5 


1,000 
10.0 
100 


1,200 
1,800 


700 


160 
5.0 
2.0 
0.10 

0.75 
1.00 

20.0 
10.0 
0.02 
0.01 

0.5 
0.10 
10.0 
0.05 

2.0 

4S 
9.0 


>  Greater  than  or  equal  to 

1  Criteria  shown  are  generalized  guidelines  for  protecting  various  beneficial  uses.  Criteria  listed  for  some  pareimeters  have  been  adopted 
as  enforceable  standards.  These  standards  vary  by  stream  classification— see  16.20.603  ARM  (Water  Quality,  Subchapter  6)  for  a 
complete  description  of  water  quality  standards. 

2  Human  Health  (Fish  and  Water):  U.S.  EPA  "Gold  Book"  values  for  ambient  surface  water — tiased  on  consumption  of  fish  and  water. 

3  Public  Water  Supplies:  Federal  drinking  water  standard  for  municipal  water. 

4  Aquatic  Life  (CoW  Water):  Maintenance  and  propagation  of  salmonid  or  cold  water  fisheries. 

5  Aquatic  Life  (Warm  Water):  Maintenance  and  propagation  of  warm  water  fisheries. 

6  Recreation:  Suitability  for  swimming  and  waterborne  recreation. 

7  Agriculture:  Suitability  for  irrigation  and  livestock  consumption. 

8  Recommended  criteria  are  given  in  nan-ative  form — single  numeric  values  are  inappropriate  (see  ARM  16.20.601  through  16.20.630). 

9  Measured  in  geometric  mean  number  of  organisms  per  100  milliliters. 

1 0  Nephelometric  turbidity  units— a  measure  of  light  peneti-ation  through  water. 

1 1  Measured  in  pH  units  that  indicate  hydrogen  ion  concentration. 
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groundwater  quality  standards,  a  classification  sys- 
tem, a  permitting  program  for  potential  pollution 
sources,  and  a  nondegradation  policy.  The  program 
has  focused  on  mine  discharges,  ruptured  pipelines, 
and  spills  of  hazardous  materials.  In  1989,  the  Mon- 
tana Agriculture  Chemical  Groundwater  Protection 
Act  (HB  757)  was  enacted  by  the  legislature.  The  act 
authorizes  education,  groundwater  monitoring,  set- 
ting of  groundwater  standards  for  agricultural 
chemicals,  and  development  of  groundwater  man- 
agement plans.  These  programs  are  relatively  new 
and  in  the  initial  stages  of  implementation.  Ground- 
water supplies  used  for  drinking  water  must  meet 
the  criteria  for  public  water  supplies  (Table  2-2). 

Water  quality  standards  are  enforceable  and,  if 
violated,  will  impair  one  or  more  of  the  beneficial 


uses  for  a  given  classification.  Along  with  the  surface 
water  quality  standards,  BHES  has  established 
Montana  nondegradation  rules  that  prohibit  in- 
creases in  concentration  of  substances  in  surface 
water  and  groundwater  for  which  limits  are  set  by 
the  federal  Safe  Drinking  Water  Act.  These  rules  also 
apply  to  substances  listed  in  EPA's  "Gold  Book." 


Sections  305(b)  and  106(e)  of  the  Federal  Clean 
Water  Act  require  states  to  submit  a  biennial  report 
to  EPA  describing  the  quality  of  their  surface  water 
and  groundwater.  This  report  is  the  primary  docu- 
ment in  Montana  for  guiding  water  quality  manage- 
ment and  for  reporting  on  progress  in  achieving  the 
goals  of  the  Federal  Clean  Water  Act  and  Montana 
Water  Quality  Act. 
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CHAPTER  THREE 


DESCRIPTION  OF 
RESERVATION  REQUESTS 


In  this  chapter,  the  actions  proposed  by  each 
applicant  are  summarized.  These  stimmarles  present 
the  views  and  findings  of  the  applicants  as  expressed 
in  their  reservation  applications.  DNRC  evaluated 
this  information  and  presents  its  results  in  Chapters 
Five  through  Seven.  Each  siommary  includes: 

1 .  The  purpose  of  the  reservation  request 

2.  The  need  for  the  reservation 

3.  The  methods  used  by  the  applicants  to  deter- 
mine the  amount(s)  of  water  requested 

4.  Why  the  reservation  is  in  the  public  interest 

DFWP.  DHES.  and  BLM  applied  to  reserve  water 
for  Instrccim  flows.  Although  the  purpose  of  the 
reservation  applications  from  these  three  applicants 
varies,  much  of  the  water  requested  could  be  shared 
and  still  meet  the  intended  purpose  of  each.  By  law, 
the  instream  reservations  together  cannot  exceed  50 


percent  of  the  average  armual  flow  of  record  on 
gauged  streams.  This  restriction  does  not  apply  on 
ungauged  streams.  More  specific  information  can  be 
found  in  the  applications  and  in  the  project  assess- 
ments on  file  at  DNRC. 

To  help  simplily  the  discussion  of  the  reservation 
requests  and  the  resources  affected  by  them,  the 
portion  of  the  Missouri  basin  above  Fort  Peck  Dam 
has  been  divided  into  four  subbasins  (Map  3-1). 
The  Headwaters  Subbastn  includes  the  Madison, 
Gallatin,  and  Jefferson  rivers  and  their  tributaries 
above  Three  Forks.  The  Missouri  River  and  its  trib- 
utaries from  Three  Forks  to  the  confluence  of  Belt 
Creek  are  included  in  the  Upper  Missouri  Subbasin. 
The  Morios/Teton  Subbasin  includes  the  Marias  and 
Teton  rivers  and  their  tributaries.  The  remainder  of 
the  Missouri  River  drainage,  from  Belt  Creek  to  Fort 
Peck  Dam,  falls  into  the  Middle  Missouri  Subbastn. 
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CONSERVATION  DISTRICT 
APPLICATIONS 

Eighteen  conservation  districts  applied  to  reserve 
water,  primarily  for  Irrigation.  The  18  conservation 
district  applications  include  220  proposed  irrigation 
projects.  Individual  projects  would  use  both  surface 
water  and  groundwater,  and  water  storage  is  pro- 
posed in  some  Instances.  In  their  applications,  all 
conservation  districts  stated  similar  purposes,  needs, 
and  public  interest  criteria,  and  they  used  similar 
methods  for  determining  amounts  of  water  needed. 
The  reservation  requests  included  in  the  conserva- 
tion district  applications  are  presented  in  Table  3- 1 
and  shown  on  Maps  3-2  through  3-5. 

Purpose 

The  general  purpose  of  the  conservation  district 
applications  is  to  reserve  water  for  new  irrigation 
projects  or  to  provide  supplemental  water  for  exist- 
ing Irrigation.  If  a  conservation  district's  reservation 
request  is  granted  in  full  or  part,  the  landowners  or 
lessees  whose  projects  have  been  Included  in  the 
application  would  be  eligible  to  use  that  water.  The 
districts  would  administer  the  distribution  of  re- 
served water  among  district  cooperators.  The  res- 
ervations would  help  ensure  that  water  would  be 
legally  available  for  the  irrigation  projects  identified 
In  the  applications. 

Need 

The  need  to  reserve  water  for  the  proposed  irri- 
gation projects  results  from  (1)  the  threat  to  future 
water  availability  within  the  conservation  districts 
arising  from  water  demands  of  downstream  states 
and  other  prospective  users.  (2)  a  desire  to  Improve 
long-range  planning  efforts,  and  (3)  the  prospect  that 
higher  prices  for  farm  products  In  the  future  will 
make  additional  water-dependent  agricultural  pro- 
duction economically  feasible. 

Determination  of  Amount 

The  conservation  districts  determined  how  much 
water  to  reserve  by  identifying  potential  irrigation 


projects  and  then  determining  the  amount  of  water 
required  to  irrigate  them.  The  districts,  along  with 
DNRC  and  the  consultant  the  districts  hired  to  help 
with  the  applications,  first  relied  on  the  knowledge  of 
private  operators  to  identify  potential  Irrigation 
projects.  Project  designs  for  potentially  Irrigable  land 
identified  in  previous  studies  (DNRC  1987)  were  also 
included  with  the  approval  of  conservation  district 
supervisors.  The  physical  availability  and  quality  of 
the  proposed  water  sources  were  then  considered  In 
screening  projects  to  be  Included  in  the  reservation 
applications. 

Stream  gauge  data  were  used  to  calculate  avail- 
able water  for  some  projects,  while  flows  were  esti- 
mated In  many  ungauged  watersheds  (DNRC  1 99 1). 
Groundwater  availability  was  determined  on  a  case- 
by-case  basis  using  available  data  and  knowledge  of 
local  aquifer  characteristics. 

For  land  where  water  was  found  to  be  physically 
available,  engineering  analyses  were  made  of  poten- 
tial irrigation  systems,  cost  estimates  were  prepared, 
and  crop  Irrigation  requirements  were  determined. 
The  suitability  of  soils  for  Irrigation  at  the  project 
sites  was  also  considered  in  the  screening  process. 
Lastly,  the  economic  and  financial  feasibilities  of  the 
proposed  development  plans  were  assessed .  Proj  ects 
not  eliminated  In  any  stage  of  this  screening  process 
were  used  as  the  basis  to  determine  the  amount  of 
water  requested  in  the  conservation  district  applica- 
tions. 

Public  Interest 

The  conservation  districts  consider  the  reserva- 
tion requests  to  be  in  the  public  interest  for  three 
reasons.  First,  irrigation  is  defined  as  a  beneficial 
water  use  in  Montana  (§85-2-102,  MCA),  and  In  the 
past,  the  Montana  Legislature  directed  DNRC  to  rec- 
ognize the  primary  role  of  agriculture  in  the  state's 
economy  when  allocating  water  development  funds. 
Second,  the  reservation  applications  serve  to  iden- 
tify consumptive  uses  for  currently  unappropriated 
water.  Third,  the  development  of  future  Irrigation 
projects  in  the  conservation  districts  would  bring 
economic  benefits  to  farmers,  ranchers,  and  other 
people  in  the  counties  and  surrounding  com- 
munities. 
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Table  3-1 .  Conservation  district  reservation  requests 

Annual 

Project 
Number 

Pnint  nf  Dii/nr''''"^ 

Peak  Flow 
(cfs) 

Diversion 
(af) 

Project 
Acres 

TWN 

RGE 

SEC 

Water  Source 

Big  Sandy 

BS-31 

T29N 

R9E 

31 

0.49 

74 

Marias  River 

32 

BS-32 

T29N 

R9E 

30 

9.86 

1,506 

Marias  River 

639 

BSS-2 

T29N 

R9E 

30 

289.61 

44,608 

Marias  River 

19,230 
19,901 

Broadwater 

BR-5 

T9N 

R1E 

25 

2.98 

362 

Canyon  Ferry  Lal<e 

182 

BR-11 

T9N 

R1E 

27 

0.98 

119 

Canyon  Ferry  Lalte 

60 

BR- 12 

T9N 

R1E 

27 

1.31 

159 

Canyon  Ferry  Lal<e 

80 

BR-14 

T8N 

R1E 

23 

5.64 

746 

Canyon  Ferry  Lal<e 

375 

BR-28 

T7N 

R3E 

32 

1.88 

249 

Well  (Deep  Creek) 

125 

BR-29 

T7N 

R3E 

30 

0.69 

84 

Well  (Deep  Creek) 

30 

BR-34 

T6N 

R2E 

33 

3.76 

497 

Missouri  River 

250 

BR-35 

T5N 

R1E 

5 

3.76 

497 

Well  (Crow  Creek) 

250 

BR-38 

T5N 

R2E 

22 

0.63 

109 

Well  (Warm  Springs  Creek) 

80 

BR-40 

T4N 

R1E 

4 

1.07 

126 

Well  (Warm  Springs  Creek) 

125 

BR-41 

T4N 

R1E 

10 

4,26 

506 

Well  (Warm  Springs  Creek) 

500 

BR-42 

T4N 

R1E 

2 

0,68 

81 

Well  (Warm  Springs  Creek) 

80 

BR-44 

T4N 

R1E 

21,28 

9.40 

1,243 

Well  (Warm  Springs  Creek) 

625 

BR-50 

T3N 

R2E 

23 

4.92 

596 

Missouri  River 

300 

BR-52 

T2N 

R1E 

27,28 

0.66 

80 

Jefferson  River 

40 

BR-101 

T2N 

R2E 

18 

77.40 

11,515 

Jefferson  River 

3,190 

BR- 103 

T9N 

R1E 

10 

34.10 

5,066 

Canyon  Ferry  Lake 

1,700 

BR- 104 

T8N 

R2E 

17 

151,40 

22,491 

Canyon  Ferry  Lake 

6,095 

BR- 106 

T10N 

R1E 

30 

5,58 

676 

Canyon  Ferry  Lake 

340 

BR- 107 

T10N 

R1E 

29 

2.30 

278 

Canyon  Ferry  Lake 

140 

BR- 108 

T9N 

R1E 

11 

1.89 

229 

Canyon  Ferry  Lake 

116 

BR- 109 

T9N 

R1E 

14 

2.13 

258 

Canyon  Ferry  Lake 

130 

BR-110 

T9N 

R2E 

6 

3.85 

467 

Canyon  Ferry  Lake 

235 

BR-111 

T5N 

R2E 

36 

0.66 

80 

Missouri  River 

40 

15,087 

Cascade  County 

CS-21 

T20N 

R2W 

5 

0.95 

140 

Big  Coulee 

56 

CS-31 

T21N 

R1W 

33 

0,79 

94 

Sun  River 

38 

CS-32 

T21N 

R1W 

32 

0,70 

87 

Sun  River 

35 

CS-42 

T20N 

R6E 

24 

5.94 

443 

Belt  Creek 

124 

CS-43 

T20N 

R6E 

24 

3.98 

599 

Belt  Creek 

255 

CS-44 

T20N 

R7E 

18 

0.55 

83 

Belt  Creek 

35 

CS-51 

T21N 

R1W 

33 

1.53 

177 

Sun  River 

70 

CS-52 

T20N 

R1W 

8 

0.72 

90 

Sun  River 

36 

CS-61 

T19N 

R2E 

15 

1.15 

163 

Smitfi  River 

79 

CS-62 

T17N 

R2E 

25 

1.06 

141 

Hound  Creek 

59 

CS-63 

T17N 

R2E 

25 

1.83 

129 

Hound  Creek 

42 

CS-64 

T17N 

R2E 

24 

0.83 

100 

Hound  Creek 

42 

CS-71 

T15N 

R4E 

30 

0.30 

42 

Smith  River 

17 

CS-101 

T18N 

R1W 

25 

2.15 

304 

Missouri  River 

148 

CS-102 

T17N 

R1W 

11 

1,39 

186 

Missouri  River 

79 

CS-111 

T19N 

R2E 

20 

6,58 

799 

Missouri  River 

381 

CS-159 

T21N 

R7E 

32 

0,76 

114 

Belt  Creek 

48 

CS-171 

T21N 

R1W 

35 

0.50 

70 

Sun  River 

28 

CS-231 

T20N 

R1W 

2 

0.18 

26 

Sun  River 

10 

CS-241 

T21N 

R1E 

26 

1.48 

190 

Sun  River 

76 

CS-251 

T19N 

R2E 

26 

1.65 

245 

Smith  River 

91 

CS-252 

T19N 

R2E 

15 

0,57 

77 

Smith  River 

28 

CS-271 

T19N 

R2E 

23 

0,93 

134 

Smith  River 

50 

CS-331 

T18N 

R2E 

26 

0,41 

57 

Smith  River 

24 

CS-351 

T18N 

R1W 

35 

2,73 

369 

Missouri  River 

171 

CS-471 

T21N 

R1W 

28 

0,92 

126 

Sun  River 

50 

CS-541 

T19N 

R2E 

8 

0.54 

69 

Missouri  River 

30 

CSI-11 

T17N 

R1W 

20 

2.23 

287 

Missouri  River 

120 

CSI-12 

T17N 

R1W 

20 

0,90 

110 

Missouri  River 

46 

CSI-21 

T17N 

R1W 

16 

1.50 

157 

Missouri  River 

66 

CSI-22 

T17N 

R1W 

11 

1.19 

163 

Missouri  River 

69 

15 


Annual 

Project 

-D^^lv^t   ^\t    nilf^Vfl 

lion 

Peak  Flow 

Diversion 

Project 

■roini  OF  uivers 

Number 

TWN 

RGE 

SEC 

(cfs) 

(af) 

Water  Source 

Acres 

CSI-23 

T17N 

R1W 

11 

1.61 

144 

Missouri  River 

61 

CSI-31 

T17N 

R1W 

2 

0.82 

109 

Missouri  River 

46 

CSI-32 

T17N 

R1W 

1 

0.65 

88 

Missouri  River 

36 

CSI-33 

T18N 

R1E 

30 

1.10 

150 

Missouri  River 

62 

CSI-34 

T18N 

R1E 

18 

1.17 

164 

Missouri  River 

60 

CSI-35 

T18N 

R1E 

17 

1.60 

253 

Missouri  River 

108 

CSI-41 

T18N 

R3E 

12 

1.44 

180 

Missouri  River 

66 

CSI-51 

T19N 

R2E 

19 

1.78 

280 

Missouri  River 

92 

CSI-52 

T19N 

R2E 

8 

4.66 

700 

Missouri  River 

298 

CSI-71 

T20N 

R2W 

4 

i.ae 

198 

Sun  River 

79 

CSI-81 

T21N 

R1E 

34 

0.71 

96 

Sun  River 

38 

CSI-82 

T21N 

R2E 

31 

1.09 

137 

Sun  River 

55 

CSI-83 

T21N 

R2E 

30 

0.49 

99 

Sun  River 

39 

CSI-91 

T21N 

R2E 

34 

0.98 

129 

Sun  River 

47 

CSI-92 

T20N 

R3E 

6 

0.50 

72 

Sun  River 

26 

CSI-101 

T19N 

R2E 

4 

1.57 

223 

Missouri  River 

108 

CSI-102 

T19N 

R2E 

9 

1.28 

171 

Smith  River 

72 

CSI-103 

T19N 

R2E 

11 

3.71 

557 

Missouri  River 

237 

CSI-111      - 

T18N 

R2E 

2 

6.32 

843 

Smith  River 

387 

CSI-120 

T17N 

R3E 

20 

1.17 

133 

Smith  River 

56 

CSS-200 

T20N 

R3E 

8 

82.02 

11,885 

Sun  River 

5.053 
9,429 

Chouteau  County 

CH-21 

T25N 

R1E 

31 

2.64 

406 

Missouri  River 

175 

CH-181' 

T21N 

R14E 

7 

0.00 

38 

Cut  Banl<  Coulee 

— 

CH-201 

T22N 

R9E 

35 

a54 

77 

Shonlyn  Creel< 

29 

CH-21 1 

T23N 

R7E 

7 

2.94 

382 

Missouri  River 

142 

CH-371 

T25N 

R9E 

32 

0.22 

30 

Missouri  River 

11 

CH-381 

T24N 

R6E 

5 

9.90 

1,912 

Teton  River 

584 

CH-511 

T23N 

R6E 

34 

10.24 

1,577 

Missouri  River 

680 

CH-541 

T22N 

R6E 

22 

0.21 

37 

Highwood  Creels 

13 

CH-551 

T21N 

R7E 

12 

0.64 

96 

Spring,  Big  Sag  Coulee 

32 

CH-641'' 

T24N 

R4E 

33 

0.00 

53 

Alkali  Coulee 

— 

CHI-10 

T25N 

R10E 

20 

2.36 

314 

Missouri  River 

116 

CHI-21 

T25N 

R10E 

8 

5.29 

752 

Missouri  River 

280 

CHI-22 

T25N 

R10E 

2 

3.06 

389 

Missouri  River 

144 

CHI-30 

T26N 

R11E 

10 

4.19 

643 

Missouri  River 

279 

CHI-40     - 

T26N 

R12E 

5' 

1.89 

290 

Missouri  River 

126 

CHI-51 

T25N 

R9E 

11 

1.63 

244 

Marias  River 

98 

CHI-52 

T26N 

R9E 

32 

3.33 

255 

Marias  River 

73 

CHI-53 

T25N 

R9E 

10 

1.88 

289 

Marias  River 

125 

CHI-61 

T25N 

R7E 

33 

1.72 

247 

Teton  River 

107 

CHI-72 

T24N 

R6E 

11 

0.60 

107 

Teton  River 

46 

CHI-74 

T24N 

R7E 

6 

0.60 

106 

Teton  River 

46 

CHI-80 

T25N 

R5E 

28 

0.80 

122 

Teton  River 

53 

CHS-1 

T21N 

R6E 

25 

20.23 

3,117 

Belt  Creek 

1,343 

CHS-3 

T23N 

R7E 

8 

127.62 

19,654 

Missouri  River 

8,475 

CHS-5 

T25N 

R9E 

36 

58.81 

9,058 

Missouri  River 

3,905 

CHS-6 

T25N 

R10E 

21 

232.95 

35,814 

Missouri  River 

15,3§2, 
32,264 

Fergus  County 

FE-41 

T19N 

R16E 

27 

0.85 

103 

Judith  River 

61.3 

FE-42 

T19N 

R15E 

27 

0.38 

44 

UT  Campbell  Coulee 

23.0 

FE-81 

T18N 

R15E 

2 

3.33 

403 

Wolf  Creek 

239.2 

FE-111 

T15N 

R18E 

25 

0.21 

25 

Big  Spring  Creek 

12.0 

FE-141 

T15N 

R18E 

7 

3.23 

375 

Wolverine  Creek 

222.3 

FE-161 

T17N 

R17E 

23 

2.16 

261 

Lincoln  Ditch 

155.1 

FE-401 

TUN 

R19E 

23 

0.55 

64 

East  Fori<  Big  Spring  Creek 

38.2 

FE-431 

T15N 

R18E 

21 

1.06 

107 

Little  Casino  Creek 

55.0 

FE-561 

T17N 

R17E 

16 

3.30 

382 

Warm  Springs  Creek 

227.5 

FE-671 

T14N 

R16E 

19 

6.43 

748 

Olsen  Creek 

443.4 

FE-672 

T14N 

R16E 

19 

3.82 

444 

UT  Olsen  Creek 

263.8 

'   No  irrigated  acres.  Storage  will  be  used  for  fire  protection  and  recreation. 
^   No  in-igated  acres.  Storage  will  be  used  for  wildlife  enhancement. 
UT  -  Unnamed  tributary 
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Annual 

Project 

-Point  of  Diversion 

Peal(  Flow 

Diversion 

Number 

TWN 

RGE 

SEC 

(cfs) 

(af) 

Water  Source 

FE-673 

TUN 

R16E 

30 

1.13 

131 

UT  Ross  Forl<  Creel< 

FEI-10 

T23N 

R16E 

27 

1.59 

192 

Missouri  River 

FEI-20 

T23N 

R22E 

36 

2.20 

262 

Missouri  River 

FEI-30 

T22N 

R15E 

5 

O.TO 

90 

Missouri  River 

FEI-40 

T18N 

R16E 

28 

13.69 

1,592 

Warm  Springs  Creel< 

FEI-50 

T17N 

R16E 

27 

63.48 

7.381 

Judith  River 

Gallatin 

GA-13 

T2S 

R5E 

34 

1.34 

106 

Well 

GA-14 

T2S 

R5E 

25 

0.63 

50 

Well 

GA-24 

T2S 

R5E 

5 

1.84 

146 

Well 

GA-35 

T2S 

R4E 

27 

0.63 

71 

Well 

GA-40 

T2S 

R4E 

24 

0.94 

75 

Well 

GA-41 

T2S 

R5E 

36 

1.26 

100 

Well 

GA-44 

T2S 

R5E 

3 

2.20 

175 

Well 

GA-46 

T2S 

R5E 

26 

1.26 

100 

Well 

GA-79 

T1S 

R5E 

9 

4.53 

509 

Well 

GA-81 

T1S 

R4E 

3 

3.47 

390 

Well 

GA-92 

T3N 

R5E 

32 

0.91 

102 

Well 

GA-102 

TIN 

R1E 

8 

2.34 

250 

Jefferson  River 

GA-110 

TIN 

R4E 

22 

1.57 

113 

Well 

GA-124 

TIN 

R5E 

34 

0.71 

56 

Well 

GA-130 

TIN 

R4E 

21 

2.11 

152 

Well 

GA-143 

TIN 

R5E 

28 

4.40 

474 

Well 

GA-151 

TIN 

R6E 

17 

0.4S 

51 

Well 

GA-201 

T2S 

R2E 

6 

118.35 

12,249 

Madison  River 

Glacier  County 

GL-11 

T34N 

RSW 

32 

3.72 

472 

Cut  Bank  Creek 

GL-201 

T30N 

R9W 

21 

3.35 

220 

Whitetail  Creek 

GL-221 

T4N 

R7W 

22 

4.37 

579 

Cut  Bank  Creek 

Hill  County 

Hl-269 

T29N 

R8E 

26 

18.82 

2,708 

Marias  River 

Jefferson  Valley 

JV-17 

T5N 

R3W 

29 

1.87 

129 

Well 

JV-18 

T5N 

R3W 

33 

1.10 

76 

Well 

JV-25 

T1S 

RSW 

32 

0.53 

59 

Jefferson  River 

JV-55 

TIN 

R3W 

10 

1.86 

192 

Jefferson  River 

JV-56 

TIN 

R2W 

21 

1.21 

136 

Jefferson  River 

JV-63 

T4N 

R2W 

29 

0.82 

99 

Well 

JV-80 

T3N 

R2W 

19 

0.96 

67 

Well 

JV-81 

T3N 

R2W 

31 

1.31 

159 

Well 

JV-95 

TIN 

RSW 

14 

14.43 

1,749 

Jefferson  River 

JV-201 

T2S 

R6W 

23 

80.30 

11,022 

Jefferson  River 

JV-202 

T1S 

RSW 

14 

88.90 

12,177 

Jefferson  River 

JV-203 

T1N 

R2W 

26 

35.80 

5,313 

Jefferson  River 

JV-204 

T2S 

R6W 

23 

7.42 

703 

Jefferson  River 

Judith  Basin 

JB-21 

T15N 

RUE 

16 

0.22 

27 

Louse  Creek 

JB-61 

T17N 

R8E 

32 

2.15 

275 

Little  Otter  Creek 

JB-111 

T17N 

R10E 

18 

0.98 

131 

McCarthy  Creek 

JB-231 

T15N 

R13E 

26 

0.75 

92 

Well 

JB-232 

T15N 

R13E 

23 

0.75 

92 

Well 

JB-261 

T14N 

R11E 

6 

3.68 

56 

Running  Wolf  Creek 

JB-281 

T17N 

R8E 

3 

0.44 

28 

Otter  Creek 

JB-309 

T13N 

RISE 

1 

0.39 

45 

Little  Trout  Creek 

JBI-2 

TUN 

RUE 

16 

13.11 

1,615 

Judith  River 

JBS-3 

T17N 

R12E 

29 

3.26 

401 

Wolf  Creek 

Lewis  and  C\atk  County 

LC-11 

T10N 

R4W 

13 

0.60 

80 

UT  Ten  Mile  Creek 

LC-131 

T20N 

R6W 

2 

1.03 

151 

Elk  Creek 

LC-210 

T15N 

RSW 

21 

1.25 

148 

Missouri  River 

Project 
Acres 

777 

114.0 

134.0 

53.7 

944.3 

4.218.3 

7,282.8 

170 

80 
234 

30 
120 
160 
280 
160 
300 
230 

60 
100 
104 

90 
140 
330 

30 

7890 

10,508 

277 
86 

340 
703 

1,350.1 


170 

100 

35 

85 

80 

50 

80 

80 

440 

4,175 

4,950 

1,765 

405 

12,415 

13 

154 

74 

44 

44 

21 

10 

23 

904 

225 

1,511 

30 
60 
62 


UT  -  Unnamed  tributary 
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Annual 

Project 

Point  of  Diversion 

Peak  Flow 

Diversion 

Project 

Number 

TWN 

RGE 

SEC 

(cfs) 

(af) 

Water  Source 

Acres 

LC-251 

T20N 

R6W 

25 

1.82 

281 

Smith  Creels 

130.7 

LCI-10 

T12N 

R2W 

11 

1.22 

185 

Upper  Holter  Lak& 

81.1 

LCI-20 

T17N 

R5W 

25 

231 

356 

Dearborn  River 

173.1 
536.9 

Liberty  County 

LI-91 

T29N 

R6E 

18 

3.48 

503 

Marias  River 

251 

LI-161 

T29N 

R5E 

3 

trr 

1.043 

Marias  River 

450 

Ll-162 

T29N 

R5E 

11 

4.65 

690 

Marias  River 

298 

LI-261 

T29N 

R6E 

17 

24.31 

3.241 

Marias  River 

1,614 

LI-262 

T29N 

R7E 

21 

10.51 

1.401 

Marias  River 

697 

LI-263 

T29N 

R7E 

27 

2.02 

269 

Marias  River 

134 
3.444 

Lower  Musselshell 

LM-10 

T19N 

R29E 

28 

100 

11,200 

Musselshell  River,  Sand  Creek 

« 

LM-20 

T8N 

R26E 

18 

90 

8,150 

Groundwater,  Musselshell  River 

— 

Meagher  County 

MEI-11 

T9N 

R6E 

6 

10.87 

1,247 

Smith  River 

768 

MEI-12 

T10N 

R5E 

36 

2.22 

262 

Smith  River 

166 

MEI-20 

T10N 

R5E 

4 

2.56 

303 

Smith  River 

191 
1,125 

Pondera  County 

PO-91 

T29N 

R6W 

17 

0.98 

117 

Laughlin  Coulee 

52 

PO-171 

T30N 

R6W 

34 

1.81 

252 

Birch  Creek 

130 

PO-211 

T28N 

R5W 

18 

0.98 

130 

Dry  Fork  Marias  River 

58 

PO-251 

T28N 

R10W 

23 

0.7» 

94 

Birch  Creek 

42 

PO-271 

T30N 

R4W 

7 

0.85 

112 

UT  Bullhead  Creek 

50 

PO-411 

T30N 

R4W 

17 

2.14 

255 

UT  Bullhead  Creek 

113 

PO-421 

T31N 

R6W 

6 

3.21 

42$ 

Two  Medicine  River 

249 

POI-10 

T31N 

R7W 

5 

5.28 

707 

Two  Medicine  River 

354,3 
1 ,058.3 

Teton  County 

TE-81 

T25N 

R2W 

11 

0.16 

21 

Muddy  Creek 

9.0 

TE-101 

T26N 

R4W 

28 

1.35 

192 

Muddy  Creek 

92.9 

TE-181 

T22N 

R5W 

35 

3.11 

443 

Big  Coulee 

214.8 

TE-183 

T21N 

R4W 

5 

9.51 

1.353 

Big  Coulee 

655.7 

TE-281 

T26N 

R2E 

34 

0.86 

107 

Teton  River 

45.0 

TE-282 

T25N 

R2E 

2 

1.72 

208 

Teton  River 

87.0 

TE-321 

T24N 

R5W 

3 

6.51 

926 

Well-Teton  River 

449.0 

TE-361 

T24N 

R3W 

5 

2.46 

326 

Spring  Coulee 

169.7 

TE-401 

T24N 

R4W 

14 

2.67 

380 

UT  Teton  River,  Teton  River 

184.2 

TE-411 

T25N 

R1W 

7 

0.89 

117 

Teton  River 

49.0 

TE-571 

T23N 

R1W 

27 

10.52 

1.593 

Muddy  Creek,  Sun  River 

711.0 

TE-581 

T24N 

R4W 

1 

2.19 

297 

Gamble  Coulee 

139.4 

TE-591 

T24N 

R4W 

8 

11.16 

2,500 

Gamble  Coulee,  Teton  River 

2,236.0 

TEI-10 

T25N 

R2E 

4 

2.51 

358 

Teton  River 

173.3 

TEI-20 

T25N 

R2E 

7 

1.72 

238 

Teton  River 

108.1 

TEI-30 

T24N 

R4W 

24 

22.44 

3,194 

Teton  River 

1.547.8 

TEl-40 

T24N 

R4W 

5 

0.89 

126 

Teton  River 

61.4 

TEI-50 

T25N 

R5W 

31 

3.45 

472 

Teton  River 

229.1 

TEI-60 

T25N 

R6W 

31 

10.99 

1,505 

Teton  River 

729.9 

TEI-70 

T25N 

R7W 

31 

4.38 

600 

Teton  River 

290.4 

TEI-80 

T21N 

R6W 

26 

1.62 

250 

Sun  River 

116.2 

TEI-90 

T22N 

R8W 

24 

0.83 

119 

Sun  River 

55.4 

TEI-100 

T22N 

R8E 

32 

1.21 

173 

Sun  River 

8,435.0 

Toole  County 

TO-211 

T30N 

R1E 

11 

10.24 

1.476 

Tiber  Reservoir 

735 

TO-221 

T31N 

R2W 

28 

1.26 

153 

Marias  River 

66 

TO-341 

131 N 

R3E 

25 

3.39 

488 

Tiber  Reservoir 

243 

TO-342 

T31N 

R3E 

24 

3.90 

561 

Tiber  Reservoir 

280 

TO-421 

T29N 

R3E 

12 

0.81 

112 

Timber  Coulee 

4? 
1.372 

Valley  County 

VAS-1 

T26N 

R40E 

26 

499.11 

92,000 

Fort  Peck  Reservoir 

25.020 

UT  -  Unnamed  tributary 
^    Would  supply  supplemental  water  to  existing  irrigated  lands 
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MONTANA  DEPARTMENT  OF 

FISH,  WILDLIFE  AND  PARKS 

APPLICATION 

DFWP's  application  is  intended  to  maintain  wa- 
ter levels  adequate  for  fish,  wildlife,  and  recreation 
on  283  stream  segments,  one  lake,  and  one  wetland. 
Requests  on  some  stream  segments  vary  for  different 
parts  of  the  year.  The  Individual  reservation  re- 
quests are  summarized  in  Table  3-2  and  shown  on 
Maps  3-6  through  3-9. 

Purpose 

According  to  DFWP,  reserving  flows  would  help 
protect  fish  and  wildlife  habitat;  contribute  to  and 
maintain  a  clean,  healthful,  and  desirable  environ- 
ment; and  sustain  adequate  levels  of  water  quality. 

Need 

Under  Montana  statutes,  an  instream  water  right 
for  fish,  wildlife,  and  recreational  purposes  can  be 
obtained  only  by  application  for  a  reservation  and 
not  by  petition  or  application  for  a  water  use  permit. 
DFWP  states  that,  if  the  water  is  not  reserved  now 
and  is  Instead  allowed  to  be  appropriated  for  con- 
sumptive use,  little  water  may  be  available  for  fish 
and  wildlife  in  the  future.  DFWP  maintains  that  the 
reservation  of  Instream  flows  is  necessary  to  main- 
tain quality  angling  and  other  water-oriented  recre- 
ational opportunities. 

Determination  of  Amount 

DFWP  used  several  methods  to  determine  the 
amount  of  its  instream  flow  requests.   A  thorough 


discussion  of  these  methods  is  presented  in  DFWP's 
application.  Gauge  data  were  available  for  some 
streams,  and  flows  were  estimated  in  others.  The 
Wetted  Perimeter  Inflection  Point  Method  was  used 
to  determine  most  reservation  requests.  Several 
other  methods  were  used  in  situations  where  the 
wetted  perimeter  method  could  not  be  used  or  where 
better  methods  were  applicable.  A  variation  of  the 
wetted  perimeter  method  developed  by  Tennant 
(1976)  was  used  to  derive  instream  flow  requests  for 
27  high  quality  stream  segments.  In  segments  of  17 
high  quality  spring  creeks,  the  lowest  average 
monthly  flow  or  "base  flow"  was  requested .  For  seven 
other  stream  segments  in  the  Madison  and  Gallatin 
watersheds,  all  remaining  unappropriated  water  was 
requested.  The  relationship  of  stream  flows  to  popu- 
lations of  aquatic  organisms  was  used  to  determine 
the  instream  requests  in  a  few  other  stream  reaches. 
DFWP*s  methods  are  explained  in  more  detail  tn 
Appendix  B. 

Public  Interest 

According  to  DFWP,  the  reservation  requests  are 
in  the  public  interest  for  several  reasons.  First,  the 
perpetuation  offish  and  wildlife  resources  for  future 
use  is  in  the  public  interest.  Second,  the  reservations 
would  prevent  the  gradual  depletion  of  streamflows 
and  the  dimlnlshment  of  recreational  use  by  the 
public.  Third,  the  reserved  flows  would  help  to 
maintain  water  quality,  contributing  to  a  clean  and 
healthful  environment  for  the  citizens  of  the  state 
and  nation.  Finally,  the  reservations  would  con- 
tribute to  the  protection  and  continued  use  of  existing 
water  rights.  DFWP  contends  existing  agricultural 
water  right  holders  would  benefit  from  instream 
reservations  because  of  increased  legal  assurances 
about  the  delivery  and  supply  of  water  for  their  crops 
and  livestock. 


Table  3-2.  DFWP  instream  flow  requests 
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HEADWATERS  SUBBASIN 
BIG  HOLE  RIVER  DRAINAGE 


STREAM 


REACH  DESCRIPTION 


DATES 
REQUESTED 


AMOUNT  REQUESTED 
(cfs)  (af/yr) 


American  Creek 
Bear  Creek 
Big  Hole  River  #1 
Big  Hole  River  #2 
Big  Hole  River  #3 
Big  Lake  Creek 
Birch  Creek 
Bryant  Creek 
California  Creek 
Camp  Creek 
Canyon  Creek 
Corral  Creek 
Deep  Creek 
Delano  Creek 
Divide  Creek 
Fishtrap  Creek 
Francis  Creek 
French  Creek 
Governor  Creek 
Jacobsen  Creek 
Jerry  Creek 
Johnson  Creek 
Joseph  Creek 
LaMarche  Creek 
Miner  Creek 
Moose  Creek 
Mussigbrod  Creek 
NF  Big  Hole  River 
Oregon  Creek 
Pattengail  Creek 
Pintlar  Creek 
Rock  Creek 
Ruby  Creek 
Sevenmile  Creek 
Seymour  Creek 
Sixmile  Creek 
SF  Big  Hole  River 
Steel  Creek 
Sullivan  Creek 
Swamp  Creek 
Tenmiie  Creek 
Trail  Creek 
Trapper  Creek 
Twelvemile  Creek 
Warm  Springs  Creek 
Willow  Creek 
Wise  River 
Wyman  Creek 


Headwaters  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Warm  Springs  Creek  to  Pintlar  Creek  Jan  1  -  Dec  31 

Pintlar  Creek  to  the  old  Divide  Dam  Jan  1  -  Dec  31 

Old  Divide  Dam  to  mouth  Jan  1  -  Dec  31 

Twin  Lakes  outlet  to  mouth  Jan  1  -  Dec  31 

Mule  Creek  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Canyon  Lake  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Sevenmile  and  Tenmiie  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

North  and  East  forks  to  mouth  Jan  1  -  Dec  31 

West  and  Middle  forks  to  mouth  Jan  1  -  Dec  31 

Sand  Creek  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Tahepia  Lake  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Schultz  Creek  to  Forest  Service  boundary  Jan  1  -  Dec  31 

Anderson  Creek  to  mouth  Jan  1  -  Dec  31 

West  and  Middle  forks  to  mouth  Jan  1  -  Dec  31 

Upper  Miner  Lakes  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Hell  Roaring  Creek  to  Forest  Service  boundary  Jan  1  -  Dec  31 

Ruby  and  Trail  creeks  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Sand  Lake  to  mouth  Jan  1  -  Dec  31 

Oreamnos  Lake  to  mouth  Jan  1  -  Dec  31 

Beaverhead  National  Forest  boundary  to  nxjuth  Jan  1  -  Dec  31 

Pioneer  and  WF  Ruby  creeks  to  nrwuth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jcin  1  -  Dec  31 

Upper  Seymour  Lake  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Skinner  Lake  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Yank  Swamp  to  mouth                                 '  Jan  1  -  Dec  31 

Tenmiie  Lakes  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Trapper  Lake  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

West  and  East  fortes  to  mouth  Jan  1  -  Dec  31 

Tendoy  Lake  to  nwuth  Jan  1  -  Dec  31 

Mono  and  Jacobson  creeks  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 


2J6 

2,027 

2.8 

2,027 

160 

115,835 

800 

579,173 

650 

470,578 

4.7 

3,403 

10 

7,240 

1.4 

1,014 

14 

10,136 

5 

3.620 

5 

3,620 

1 

724 

18 

13,031 

0.3 

217 

3 

2,172 

10 

7,240 

4 

2,896 

6 

4,344 

4 

2,896 

14 

10,136 

7 

5,068 

13 

9,412 

5 

3,620 

11 

7,964 

0 

6,516 

9 

6,516 

10 

7,240 

30 

21,719 

0.3 

217 

12 

8,688 

10 

7,240 

5 

3,620 

4 

2,896 

1.8 

1,303 

13 

9,412 

1.6 

1,158 

22 

15,927 

6 

4,344 

4 

2,896 

8 

5,792 

3.8 

2,751 

14 

10,136 

3.2 

2,317 

1.2 

869 

20 

14,479 

16 

11,583 

35 

25,339 

7 

5.068 

GALLATIN  RIVER  DRAINAGE 

STREAM 


REACH  DESCRIPTION 


DATES 
REQUESTED 


AMOUNT  REQUESTED 
(cfs)  (af/yr) 


Baker  Creek 
Ben  Hart  Creek 
Big  Bear  Creek 
Bridger  Creek 
Cache  Creek 
EF  Hyalite  Creek 
East  Gallatin  River  #1 
East  Gallatin  River  #2 
East  Gallatin  River  #3 


Heeb  Lane  Bridge  to  rtrouth  Jan  1- Dec  31                  14  10.136 

Headwaters  to  mouth  Jan  1  -  Dec  31                   29  20.995 

Headwaters  to  mouth  Jan  1  -  Dec  31                     2  1.448 

Headwaters  to  mouth  Jan  1- Dec  31                  36.6  26.497 

Headwaters  to  mouth  Jan  1  -  Dec  31                    2.6  1.882 

Heather  Lake  to  Hyalite  Reservoir  Jan  1  -  Dec  31                    7  5.068 

Rocky  and  Sourdough  cks  to  Bozeman  STP  outlet  Jan  1  -  Dec  31  121.3  87,817 

Bozeman  STP  outlet  to  Thompson  Spring  Creek  Jan  1- Dec  31                   90  65,157 

Thompson  Spring  Creek  to  mouth  Jan  1  -  Dec  31  170  123,074 


Ok  -  Creek        EF  -  East  Fori<        R  -  River        SF  -  South  Fork        STP  -  sewage  treatment  plant        WF  -  West  Fork 
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Gallatin  River  Drainage  (continued) 


Gallatin  River  #1 
Gallatin  River  #2 
Gallatin  River  #3 
Hell  Roaring  Creek 
Hyalite  (Middle)  Creek  #1 
Hyalite  (Middle)  Creek  #2 
MF  of  the  WF  Gallatin  R. 
Porcupine  Creek 
Reese  Creek 
Rocky  Creek 

Sourdough  (Bozeman)  Ck. 
South  Cottonwood  Creek 
SF  Spanish  Creek 
SF  of  the  WF  Gallatin  R. 
Spanish  Creek 
Squaw  Creek 
Taylor  Fork 

Thompson  Spring  Creek 
WF  Gallatin  River 
WF  Hyalite  Creek 


Yellowstone  NP  boundary  to  WF  Gallatin  River  Jan  1- Dec  31  170  123,074 

WF  Gallatin  River  to  East  Gallatin  River  Jan  1  -  Dec  31  400  289,587 

East  Gallatin  River  to  mouth  Jan  1  -  Dec  31  1 ,000  723,967 

NF  Hell  Roaring  Creek  to  mouth  Jan  1  -  Dec  31  16  11 ,583 

Middle  Creek  Dam  to  Middle  Creek  Ditch  intake  Jan  1  -  Dec  31  28  20,271 

1-90  bridge  near  Belgrade  to  mouth  Jan  1  -  Dec  31  16  11 ,583 

Headwaters  to  NF  of  the  WF  Gallatin  River  Jan  1  -  Dec  31  3  2,1 72 

NF  Porcupine  Creek  to  mouth  Jan  1  -  Dec  31  4.5  3,258 

Bill  Smith  Creek  to  mouth  Jan  1  -  Dec  31  5  3,620 

Jackson  Creek  to  Sourdough  Creek  Jan  1  -  Dec  31  51  36,922 

Mystic  Resen/oir  to  mouth  Jan  1  -  Dec  31  35.9  25,990 

Jim  Creek  to  Hart  Ditch  headgate  Jan  1- Dec  31  14  10,136 

Falls  Creek  to  mouth  Jan  1- Dec  31  15  10,859 

Headwaters  to  mouth  Jan  1  -  Dec  31  5  3,620 

North  and  South  forks  to  nxjuth  Jan  1  -  Dec  31  70  50,678 

Headwaters  to  mouth  Jan  1  -  Dec  31  12  8,688 

Tumbledown  Creek  to  mouth  of  Gallatin  River  Jan  1  -  Dec  31  36  26,063 

County  road  crossing  in  T1 N  R5E  Sec  30  to  nx)Uth     Jan  1  -  Dec  31  29  20,995 

Middle  and  North  forks  to  mouth  Jan  1- Dec  31  26  18,823 

Hyalite  Lake  to  Hyalite  Reservoir  Jan  1- Dec  31  12  8,688 


JEFFERSON  AND  BOULDER  RIVER  DRAINAGES 

STREAM  REACH  DESCRIPTION 


DATES 
REQUESTED 


AMOUNT  REQUESTED 
(cfs)  (af/yr) 


Boulder  River  #1 
Boulder  River  #2 
Boulder  River  #3 
Halfway  Creek 
Hells  Canyon  Creek 
Jefferson  River 
Little  Boulder  River 
North  Willow  Creek 
South  Boulder  River 
South  Willow  Creek 
Whitetail  Creek 
Willow  Creek 
Willow  Spring  Creek 


West  and  South  forks  to  High  Ore  Creek 

High  Ore  Creek  to  Cold  Spring 

Cold  Spring  to  mouth 

Headwaters  to  canyon 

Headwaters  to  mouth 

Headwaters  to  Madison  River 

Moose  Creek  to  mouth 

Hollow  Trap  Lake  to  mouth 

Curly  Creek  to  mouth 

Granite  Lake  to  mouth 

Whitetail  Reservoir  to  mouth 

North  and  South  Willow  creeks  to  mouth 

Headwaters  to  mouth 


Jan  1 
Jan  1 
Jan  1 
Jan  1 
Jan  1 
Jan  1 
Jan  1 
Jan  1 
Jan  1 
Jan  1 
Jan  1 
Jan  1 
Jan  1 


Dec  31 
Dec  31 
Dec  31 
Dec  31 
Dec  31 
Dec  31 
Dec  31 
Dec  31 
Dec  31 
Dec  31 
Dec  31 
Dec  31 
Dec  31 


20 
24 
47 

1.9 

3.6 
1,100 

7 

7 
12 
14 

3 
14 

9.2 


14,479 

17,375 

34,026 

1,376 

2,606 

796,363 

5,068 

5,068 

8,688 

10.136 

2,172 

10,136 

6,660 


MADISON  RIVER  DRAINAGE 


STREAM 


REACH  DESCRIPTION 


DATES 
REQUESTED 


AMOUNT  REQUESTED 
(cfs)  (af/yr) 


Antelope  Creek 

Beaver  Creek 

Black  Sand  Spring  Creek 

Blaine  Spring  Creek 

Cabin  Creek 

Cherry  Creek 

Cougar  Creek 

Duck  Creek 

Elk  River 

Grayling  Creek 

Hot  Springs  Creek 

Indian  Creek 

Jack  Creek 

Madison  River  #1 

Madison  River  #2 

Madison  River  #3 

Madison  River  #4 

Moore  Creek 

North  Meadow  Creek 

O'Dell  Creek 

Red  Canyon  Creek 

Ruby  Creek 

SF  Madison  River 

Squaw  Creek 

Standard  Creek 

Trapper  Creek 

Watkins  Creek 

WF  Madison  River 


Headwaters  to  mouth  Jan  1  -  Dec  31 

Wyethia  Creek  to  Earthquake  Lake  Jan  1  -  Dec  31 

Black  Sand  Spring  to  SF  Madison  River  Jan  1  -  Dec  31 

Ennis  National  Fish  Hatchery  to  nxjuth  Jan  1  -  Dec  31 

Gully  Creek  to  Madison  River  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Yellowstone  NP  boundary  to  mouth  Jan  1  -  Dec  31 

Yellowstone  NP  boundary  to  Hebgen  Reservoir  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Yellowstone  NP  boundary  to  Hebgen  Reservoir  Jan  1  -  Dec  31 

North  and  Middle  forks  to  mouth  Jan  1  -  Dec  31 

Raw  Liver  Creek  to  mouth  Jan  1  -  Dec  31 

Lone  Creek  to  mouth  Jan  1  -  Dec  31 

Yellowstone  NP  boundary  to  Hebgen  Reservoir  Jan  1  -  Dec  31 

Hebgen  Dam  to  West  Fork  Jan  1  -  Dec  31 

West  Fork  to  Ennis  Reservoir  Jan  1  -  Dec  31 

Ennis  Dam  to  mouth  Jan  1  -  Dec  31 

Fletcher  Creek  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  Hebgen  Reservoir  Jan  1  -  Dec  31 

Beartrap  Canyon  to  mouth  Jan  1  -  Dec  31 

Dry  Canyon  to  Hebgen  Reservoir  Jan  1  -  Dec  31 

North  Fork  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  Hebgen  Reservoir  Jan  1  -  Dec  31 

Coffin  Creek  to  Hebgen  Reservoir  Jan  1  -  Dec  31 

Fox  Creek  to  mouth  Jan  1  -  Dec  31 


14 
937 
18.7 
23 
585 
15 
24 
23 
28 
34 

5.5 
48 
28 
500 
800 
1,000 
1,300 
1.4 
18 
98 
2.9 
18 
92 
14 
10 
3.2 
5.5 
957 


10,136 

42,280 

13,538 

16,651 

28,741 

10,859 

17,375 

16,651 

20,271 

24,615 

3,982 

34,750 

20,271 

361,983 

579,173 

723,967 

941,157 

1,014 

13,031 

70,949 

2,100 

13,031 

66,605 

10,136 

7,240 

2,317 

3,982 

66,533 


Ok -Creek        MF  -  Middle  Fork        NF- North  Fork       NP  -  National  Park        R- River        SF- South  Fork        WF- West  Fork 
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[ 


RED  ROCK-BEAVERHEAD  DRAINAGE 

DATES 

AMOUNT  REQUESTED 

STREAM 

REACH  DESCRIPTION 

REQUESTED 

(cfs) 

(af/yr) 

Bear  Creek 

Headwaters  to  BLM  boundary 

Jan  1  -  Dec  31 

6.5 

4,706 

Beaverhead  River  #1 

Clark  Canyon  to  East  Bench  Div  Dam  at  Barretts 

Jan  1  -  Dec  31 

200 

144.793 

Beaverhead  River  #2 

East  Bench  Diversion  Dam  at  Barretts  to  nx>uth 

Jan  1  -  Dec  31 

200 

144,793 

Big  Sheep  Creek 

Cabin  and  Nicholia  creeks  to  mouth 

Jan  1  -  Dec  31 

48 

34,750 

Black  Canyon  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

2.5 

1,810 

Blacktail  Deer  Creek 

MF  and  WF  to  County  Rd  @  T8S  R8W  Sees  20  &  29 

Jan  1  -  Dec  31 

42 

30,407 

Bloody  Dick  Creek 

Swift  Lake  outlet  to  mouth 

Jan  1  -Dec  31 

20 

14,479 

Browns  Canyon  Creek 

Headwaters  to  mouth 

Jan  1  -Dec  31 

2.3 

1,665 

Cabin  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

0.4 

290 

Corral  Creek 

Headwaters  to  mouth 

Jan  1  -Dec  31 

6 

4,344 

Deadman  Creek 

Deadman  Lake  to  mouth 

Jani  -Dec 31 

4.5 

3,258 

EF  Blacktail  Deer  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

18 

13,031 

EF  Clover  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

4.4 

3,185 

EF  Dyce  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

1.4 

1,014 

Frying  Pan  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

1.6 

1,158 

Grasshopper  Creek 

Blue  Creek  to  mouth 

Jan  1  -  Dec  31 

30 

21,719 

Hell  Roaring  Creek 

Headwaters  to  mouth 

Jan  1  -Dec  31 

15 

10,859 

Horse  Prairie  Creek 

Headwaters  to  mouth 

Jan  1  -Dec  31 

36 

26,063 

Indian  Creek 

Headwaters  to  mouth 

Jan  1  -Dec  31 

0.2 

145 

Jones  Creek 

Headwaters  to  Lakeview  Road  crossing 

Jan  1  -  Dec  31 

1.9 

1,376 

Long  Creek 

Jones  Creek  to  mouth 

Jan  1  -  Dec  31 

3.4 

2,461 

Medicine  Lodge  Creek 

Bear  Canyon  to  nrouth 

Jan  1  -  Dec  31 

10 

7,240 

Narrows  Creek 

Spring  in  T13S  R1E  Sec18A  to  Elk  Lake 

May  1  -July  15 

1.2 

869 

July  16 -April  30 

0.5 

362 

Odell  Creek 

Headwaters  to  Lower  Red  Rock  Lake 

Jan  1  -  Dec  31 

11 

7,964 

Peet  Creek 

Headwaters  to  reservoir  in  T14S  R4W  Sec34A 

Jan  1  -  Dec  31 

0.9 

652 

Poindexter  Slough 

Springs  &  canal  T8S  R9W  Sec3,SW  to  Beaverhead 

Jan  1  -  Dec  31 

57.9 

41,918 

Rape  Creek 

Headwaters  to  reservoir  in  T1  OS  R1 3W  Sec4 

Jan  1  -  Dec  31 

0.4 

290 

Red  Rock  Creek 

Headwaters  to  Upper  Red  Rock  Lake 

Jan  1  -  Dec  31 

15 

10,859 

Red  Rock  River  #1  ^ 

Dam  at  Lower  Red  Rock  Lake  to  Lima  Reservoir 

Jan  1  -Dec  31 

55 

39,818 

Red  Rock  River  #2 

Lima  Dam  to  Clark  Canyon  Reservoir 

Jan  1  -  Dec  31 

60 

43,438 

Reservoir  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

1.5 

1,086 

Shenon  Creek 

Headwaters  to  BLM  boundary  in  T1  OS  R1 4W  Sec25 

Jan  1  -  Dec  31 

0.4 

290 

Simpson  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

0.7 

507 

Tom  Creek 

Headwaters  to  Upper  Red  Rock  Lake 

Jan  1  -  Dec  31 

1.4 

1,014 

Trapper  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

0.7 

507 

WF  Blacktail  Deer  Creek 

Grays  and  South  forks  to  mouth 

Jani  -Dec 31 

3 

2,172 

WF  Dyce  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

0.7 

507 

RUBY  RIVER  DRAINAGE 

DATES 

AMOUNT  REQUESTED 

STREAM 

REACH  DESCRIPTION 

REQUESTED 

(cfs) 

(af/yr) 

Coal  Creek 
Cottonwood  Creek 
EF  Ruby  River 
MF  Ruby  River 
Mill  Creek 

NF  Greenhorn  Creek 
Ruby  River  #1 
Ruby  River  #2 
Warm  Springs  Creek 
WF  Ruby  River 
Wisconsin  Creek 


Headwaters  to  mouth  Jan  1  -  Dec  31 

Geyser  Creek  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Divide  Creek  to  mouth  Jan  1  -  Dec  31 

Outlet  of  Branham  Lake  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

East,  Middle,  and  West  forks  to  Ruby  Reservoir  Jan  1  -  Dec  31 

Ruby  Dam  to  mouth  Jan  1  -  Dec  31 

Ruby  Lake  outlet  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Crystal  Lake  outlet  to  nrrauth  Jan  1  -  Dec  31 


3.6 

2,606 

4 

2,896 

3 

2,172 

5 

3,620 

10 

7,240 

3.5 

2.534 

102 

73,845 

40 

28,959 

48.5 

35,112 

3.0 

2,172 

12 

8,688 

UPPER  MISSOURI  SUBBASIN 

UPPER  MISSOURI  RIVER  AND  TRIBUTARIES 

STREAM  REACH  DESCRIPTION 


DATES 

AMOUNT  REQUESTED 

REQUESTED 

(cfs) 

(af/yr) 

Jan  1  -  Dec  31 

5 

3,620 

Jan  1  -Dec  31 

2.8 

2,027 

Jan  1  -  Dec  31 

10.0 

7,240 

Jan  1  -  Dec  31 

10.0 

7,240 

Jan  1  -  Dec  31 

5 

3,620 

Jani  -Dec  31 

1.0 

724 

Jan  1  -  Dec  31 

11 

7,964 

Jan  1  -  Dec  31 

9 

6,516 

Avalanche  Creek 
Beaver  Creek 
Beaver  Creek 
Canyon  Creek 
Confederate  Gulch 
Cottonwood  Creek 
Crow  Creek 
Deep  Creek 


Cooney  Gulch  to  Canyon  Ferry  Reservoir 

Headwaters  In  Elkhcrn  Mts  to  Canyon  Ferry  Reservoir  Jan 

Headwaters  in  Big  Belt  Mts  to  mouth 

Headwaters  to  mouth 

Debauch  Gulch  to  mouth 

Headwaters  to  mouth 

Tizer  and  Wilson  Creeks  to  Williams  Ditch  intake 

Castle  Fork  to  Missouri  River 


EF- East  Fork        MF  -  Middle  Fork       NF- North  Fork        WF- West  Fork 
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Upper  Missouri  River  and  Tributaries  (continued) 


DATES 

AMOUNT  REQUESTED 

STREAM 

REACH  DESCRIPTION 

REQUESTED 

(cfs) 

(af) 

(af/yr) 

Dry  Creek 

Headwraters  to  Broadwater 
Missouri  Canal 

Jan  1  -  Dec  31 

1.8 

1,303 

Duck  Creek 

Headwaters  to  Canyon  Ferry  Res. 

Jan  1  -  Dec  31 

8 

5,792 

Little  Prickly  Pear  Ck. ; 

»1  Canyon  Creek  to  Clark  Creek 

Jani  -Dec 31 

22 

15,927 

15.927 

Little  Prickly  Pear  Ck.  #2  Clark  Creek  to  mouth 

Jan  1  -Dec  31 

70 

50,678 

50,678 

Lyons  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

10.0 

7,240 

7,240 

McGuire  Creek 

Headwaters  to  mouth 

May  1  -  Nov  30 

8.3 

3,523 

Dec  1  -  Apr  30 

4.7 

1,408 

4,931 

Missouri  River  #1 

Jefferson  and  Madison  rivers 
to  Canyon  Ferry  Res. 

Jan  1  -Dec  31 

2,400 

1,737,520 

1,737,520 

Missouri  River  #2 

Hauser  Dam  to  Holter  Reservoir 

Oct  15 -Dec  15 

4,878 

599,873 

Dec  16 -Mar  15 

3,000 

535,537 

Mar  16 -Apr  30 

5,316 

485,030 

May  1  -  June  30 

7,890 

954.624 

July  1  -Oct  14 

3,500 

735,867 

3,310,931 

Missouri  River  #3 

Hotter  Dam  to  Great  Falls 

May  19 -July  5 

6,398 

609,132 

July  6  -  May  18 

4,100 

2.577,916 

3,187,048 

Prickly  Pear  Creek  #1 

Rabbit  Gulch  to  Hwy  12  bridge 
in  East  Helena 

Jan  1  -  Dec  31 

22 

15,927 

15,927 

Prickly  Pear  Creek  #2 

Hwy  12  bridge  in  East  Helena 
to  Lake  Helena 

Jan  1  -  Dec  31 

30 

21.719 

21,719 

Sevenmile  Creek 

Greenhorn  Creek  and  Skelly 
Gulch  to  mouth 

Jan  1  -Dec  31 

1.0 

724 

724 

Silver  Creek 

Helena  Valley  Irrigation 

May  1  -  Nov  30 

13.0 

5.518 

Canal  to  mouth 

Dec  1  -  Apr  30 

5.4 

1.617 

7,135 

Sixteenmile  Creek 

Billy  Creek  to  mouth 

Jan  1  -  Dec  31 

20 

14.479 

14,479 

Spokane  Creek 

Helena  Valley  Irr.  Canal  to  mouth 

May  1  -  Nov  30 

4.0 

1,698 

Dec  1  -  Apr  30 

3.0 

898 

2,596 

Stickney  Creek 

North  and  South  forks  to  mouth 

Apr  1  -  Apr  30 

7 

417 

May  1  -May  31 

34 

2,091 

June  1  -  June  30 

35 

2.083 

July  1  -  July  31 

7 

430 

5,021 

Tenmile  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

12.0 

8,688 

8.688 

Trout  Creek 

Springs  near  Vigilante 
Campground  to  mouth 

Jan  1  -  Dec  31 

15.0 

10,860 

10.860 

Virginia  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

6.0 

4,344 

4.344 

Wegner  Creek 

Headwaters  to  mouth 

Apr  1  -  Apr  30 

8 

476 

May  1  -  May  31 

41 

2,521 

June  1  -  June  30 

38 

2,261 

July  1  -  July  31 

8 

492 

5,750 

Willow  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

3.5 

2,534 

2,534 

Wolf  Creek 

Headwaters  to  mouth 

Jan  1  -Dec  31 

7.0 

5,068 

5,068 

DEARBORN  RIVER  DRAINAGE 

DATES 

AMOUNT  REQUESTED 

STREAM 

REACH  DESCRIPTION 

REQUESTED 

(cfs) 

(af) 

(af/yr) 

Dearborn  River 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

110 

79,636 

79,636 

Flat  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

7.5 

5,430 

5,430 

MF  Dearborn  River 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

9.5 

6.878 

6,878 

Sheep  Creek 

Headwaters  of  South  Fork  to  mouth 

Jan  1  -  Dec  31 

22 

15.927 

15,927 

SF  Dearborn  River 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

11.5 

8,326 

8,326 

SMITH  RIVER  DRAINAGE 

DATES 

AMOUNT  REQUESTED 

STREAM 

REACH  DESCRIPTION 

REQUESTED 

(cfs) 

(af) 

(af/yr) 

Big  Birch  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

11 

7.964 

7,964 

Eagle  Creek 

Headwaters  to  mouth 

Jan  1  -Dec  31 

2.5 

1,810 

1,810 

Hound  Creek 

EF  Hound  Creek  and  Middle  Creek  to  mouth  Jan  1  -  Dec  31 

35 

25.339 

25,339 

Newlan  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

3.8 

2.751 

2,751 

NF  Deep  Creek 

Headwaters  to  rock  cascades 

Jan  1  -  Dec  31 

1.0 

724 

724 

NF  Smith  River 

Headwaters  to  mouth 

Jani -Dec  31 

9 

6.516 

6,516 

Rock  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

11 

7.964 

7,964 

Sheep  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

35 

25.339 

25.339 

Smith  River  #1 

North  and  South  Forks  Sheep  Creek 

Jan  1  -  Dec  31 

90 

65.157 

65.157 

EF  -  East  Fork        In-.  - 

Irrigation        MF  -  Middle  Fork        Res.  -  Reservoir        SF  -  South  Fork 
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Smith  River  Drainage  (continued) 

Smith  River  #2 

Sheep  Creek  to  Hound  Creek 

Jan  1  -  Dec  31 

ISO 

108,595 

108,595 

Smith  River  #3 

Hound  Creek  to  mouth 

Jan  1  -  Dec  31 

80 

57,917 

57,917 

SF  Smith  River 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

7 

5,068 

5,068 

Tenderfoot  Creel< 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

15 

10,859 

10,859 

SUN  RIVER  DRAINAGE 

DATES 

AMOUNT  REQUESTED 

STREAM 

REACH  DESCRIPTION 

REQUESTED 

(cfs) 

(af) 

(af/yr) 

Ell<  Creek 

Headwaters  to  mouth 

Jani  -Dec 31 

16 

11,583 

1 1 ,583 

Ford  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

12 

8,688 

8,688 

NF  Willow  Creek 

Headwaters  to  mouth 

Jani -Dec 31 

3.0 

2,172 

2,172 

Sun  River  #1 

Diversion  Dam  to  Elk  Creek 

Jan  1  -  Dec  31 

''      100 

72,397 

72,397 

Sun  River  #2 

Elk  Creek  to  mouth 

Jan  1  -  Dec  31 

130 

94,116 

94,116 

Willow  Creek 

Headwaters  to  mouth 

Jan  1  -  Dec  31 

3 

2,172 

2,172 

BELT  CREEK  DRAINAGE 

DATES 

AMOUNT  REQUESTED 

STREAM 

REACH  DESCRIPTION 

REQUESTED 

(cfs) 

(af) 

(af/yr) 

Belt  Creek  #1 

Headwaters  to  Big  Otter  Creek 

Jan  1  -  Dec  31 

90 

65,157 

65,157 

Belt  Creek  #2 

Big  Otter  Creek  to  Missouri  River 

Jani -Dec 31 

35 

25,339 

25,339 

Big  Otter  Creek 

Whiskey  Spring  Coulee  to  Belt  Creek 

Jan  1  -  Dec  31 

S 

3,620 

3,620 

Dry  Fork  Belt  Creek 

Galena  and  Oti  Park  Creek  to  Belt  Creek 

Jan  1  -Dec  31 

7 

5,068 

5,068 

Logging  Creek 

Headwaters  to  Belt  Creek 

Jan  1  -  Dec  31 

6 

4,344 

4,344 

Pilgrim  Creek 

Headwaters  to  Belt  Creek 

Jan  1  -  Dec  31 

8 

5,792 

5,792 

Tilllnghast  Creek 

Headwaters  to  Belt  Creek 

Jan  1  -  Dec  31 

5.5 

3,982 

3,982 

MIDDLE  MISSOURI  SUBBASIN 

MIDDLE  MISSOURI  RIVER  AND  TRIBUTARIES 

STREAM  REACH  DESCRIPTION 


DATES  AMOUNT  REQUESTED 

REQUESTED  (cfs)  (af)  (af/yr) 


Cow  Creek 
Highwood  Creek 
Missouri  River  #4 


Missouri  River  #5 


Missouri  River  #6 


NF  and  SF  to  County  bridge 

Headwaters  to  Hwy  228  Bridge  at  Highwood 

Great  Falls  to  Maris  River 


Marias  River  to  Judith  River 


Judith  River  to  upper  end 
of  Fort  Peck  Reservoir 


Shonkin  Creek  Forest  boundary  to  town  of  Shonkin 

FORT  PECK  RESERVOIR  TRIBUTARIES 

Big  Dry  Creek  Hwy  200  bridge  to  mouth 


Little  Dry  Creek 


Whiteside  ranch  house  to  Big  Dry  Creek 


JUDITH  RIVER  DRAINAGE 

STREAM  REACH  DESCRIPTION 


Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Mar  15 -May  18 
May  19 -July  5 
July  6  -  Aug  31 
Sep  1  -  Mar  14 
Mar  15 -May  18 
May  19 -July  5 
July  6  -  Aug  31 
Sep  1  -  Mar  14 
Mar  15 -May  18 
May  19- July  5 
July  6  -  Aug  31 
Sep  1  -  Mar  14 
Jan  1  -  Dec  31 


Mar  15 -Mar  31 
Apr  1  -  Apr  30 
May  1  -  May  31 
June  1  -  Oct  31 
Mar  15- Mar  31 
Apr  1  -  Apr  30 
May  1  -  May  31 
June  1  -  Oct  31 


4.5 
10 
4,887 

11,284 
4,500 
3,700 
5,571 

14,000 
5,400 
4,300 
7,100 

15,302 

5,800 

4,700 

7 


300 

100 

35 

5.5 

110 

42 

17 

3.5 


3,258 
7,240 

630,059 
1 ,074,31 1 

508,760 
1,431,075 

718,244 
1,332,892 

610,512 
1,663,140 

915,371 
1 ,456,851 

655,735 

1,817,850 

5,068 


9,521 
5,950 
2,152 
1,669 
3,491 
2,499 
1,045 
1,062 


3,258 
7,240 


3,644,205 


4,324,788 


4,845,807 
5,068 


19,292 


8,097 


DATES  AMOUNT  REQUESTED 

REQUESTED         (cfs)  (af)  (af/yr) 


West  Fork  to  Cottonwood  Creek  Jan  1  -  Dec  31  5  3,620  3,620 

Fish  hatchery  to  Cottonwood  Creek  Jani -Dec  31  110  79,636  79,636 

Cottonwood  Creek  to  mouth  Jan  1  -  Dec  31  1 00  72,397  72,397 

Spring  Branch  of  Cottonwood  Ck.  to  Big  Spring  Ck.  Jan  1  -  Dec  31  4.5  3,258  3.258 

Hwy-Highway        NF-NorthFork       SF-SouthFork 


Beaver  Creek 
Big  Spring  Creek  #1 
Big  Spring  Creek  #2 
Cottonwood  Creek 
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Judith  River  Drainage  (continued) 


East  Fork  Big  Spring  Cl<. 
Judith  River  #1 
Judith  River  #2 
Lost  Forl<  Judith  River 
Middle  Forl^  Judith  River 
South  Forl<  Judith  River 
Warm  Spring  Creek 
Yogo  Creek 


(Headwaters  to  Big  Spring  Creek 
SF  and  MF  to  Big  Spring  Creek 
Big  Spring  Creek  to  Missouri  River 
SF  and  WF  to  MF  Judith  River 
Headwaters  to  South  Fork 
Headwaters  to  Middle  Fork 
Springs  to  Judith  River 
Headwaters  to  MF  Judith  River 


Jan  1  -  Deo  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 


7.5 

25 

160 

14 

22 

3.5 
110 
3 


5,430 

18,099 

115,835 

10,136 

15,928 

2,534 
79,636 

2,172 


5.430 

18,099 

115,835 

10,136 

1 5,928 

2.534 
79,636 

2,172 


MUSSELSHELL  RIVER  DRAINAGE 


STREAM 


REACH  DESCRIPTION 


DATES  AMOUNT  REQUESTED 

REQUESTED  (cfs)  (at)  (af/yr) 


Alabaugh  Creek 
American  Fork 
Big  Elk  Creek 
Careless  Creek 
Checkerboard  Creek 
Collar  Gulch  Creek 
Cottonwood  Creek 
Flatwillow  Creek 
Musselshell  River  #1 
Musselshell  River  #2 
Musselshell  River  #3 

NF  Musselshell  #1 
NF  Musselshell  #2 
SF  Musselshell 
Spring  Creek 
Swimming  Woman  Ck. 


Headwaters  to  mouth  Jan  1  -  Dec  31 

South  Fork  to  mouth  Jan  1  -  Dec  31 

Origin  of  Lebo  Fork  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  Roberts  Creek  Jan  1  -  Dec  31 

East  and  West  Forks  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jein  1  -  Dec  31 

WF,  MF,  and  Loco  Creek  to  mouth  Jan  1  -  Dec  31 

NF  and  SF  to  Petrolia  Reservoir  Jan  1  -  Dec  31 

NF  and  SF  to  Deadmans  Basin  Div  Jan  1  -  Dec  31 

Deadmans  Basin  Div  to  Musselshell  Div  Jan  1  -  Dec  31 

Musselshell  Diversion  Dam  Jan  1  -  Dec  31 

at  town  of  Musselshell  to  mouth 

Headwaters  to  Bair  Reservoir  Jan  1  -  Dec  31 

Bair  Reservoir  to  SF  Musselshell  R.  Jan  1  -  Dec  31 

Headwaters  to  North  Fork  Jan  1  -  Dec  31 

Headwaters  to  mouth  Jan  1  -  Dec  31 

Headwaters  to  Cty  road  crossing  8  Jan  1  -  Dec  31 

linear  miles  upstream  from  mouth 


12 

8.688 

8,688 

5.5 

3,982 

3,982 

9.5 

6,878 

6.878 

2 

1,448 

1,448 

6 

4,344 

4,344 

0.6 

434 

434 

16 

11,583 

11,583 

18 

13,031 

13,031 

80 

57,917 

57,917 

80 

57,917 

57.917 

70 

50.678 

50.678 

3 

2,172 

2,172 

16 

11,583 

11,583 

30 

21,719 

21,719 

8 

5,792 

5,792 

2.5 

1.810 

1,810 

MARIAS/TETON  SUBBASIN 
MARIAS  RIVER  DRAINAGE 


STREAM 


REACH  DESCRIPTION 


DATES  AMOUNT  REQUESTED 

REQUESTED  (cfs)  (af)  (af/yr) 


Badger  Creek 

Birch  Creek 
Cut  Bank  Creek 
Dupuyer  Creek 
Marias  River  #1 

Marias  River  #2 
Marias  River  #3 
North  Badger  Creek 
NF  Dupuyer  Creek 
South  Badger  Creek 
SF  Dupuyer  Creek 
SF  Two  Medicine  River 


N  and  S  Badger  creeks  to  Forest/ 
Blackfeet  Reservation  Boundary 

Swift  Reservoir  to  Hwy  358 

Blackfeet  Reservation  boundary  to  mouth 

Headwaters  to  mouth 

Two  Medicine  River  and  Cut  Bank  Creek 
to  head  of  Tiber  Reservoir 

Tiber  Dam  to  Circle  Bridge  (Hwy  223) 

Circle  Bridge  (Hwy  223)  to  mouth 

Headwaters  to  mouth 

Headwaters  to  mouth 

Headwaters  to  mouth 

Headwaters  to  mouth 

Headwaters  to  ForesV 
Blackfeet  Reservation  Boundary 


TETON  RIVER  DRAINAGE 


STREAM 


REACH  DESCRIPTION 


Jan  1  -  Dec  31 

Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 

Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  •  Dec  31 


DATES 
REQUESTED 


60 


43,438 


43,438 


64 

46,334 

46.334 

75 

54.297 

54.297 

12 

8.688 

8.688 

200 

144.793 

144.793 

500 

361 .983 

361 .983 

560 

405.421 

405,421 

14 

10.136 

10,136 

12 

8.688 

8,688 

40 

28.959 

28,959 

6 

4.344 

4,344 

16 

1 1 .583 

11,583 

AMOUNT  REQUESTED 
(cfs)  (af)  (af/yr) 


Deep  Creek 
McDonald  Creek 
NF  Deep  Creek 
SF  Deep  Creek 
Spring  Creek 
Teton  River 


LAKES  AND  SWAMPS 

Bean  Lake 

Antelope  Butte  Swamp 


Headwaters  to  mouth 
Headwaters  to  mouth 
Headwaters  to  mouth 
Headwaters  to  mouth 
Headwaters  to  mouth 
Headwaters  to  discharge 
from  Priest  Butte  Lake 


Sec.  18C  and  19B,  T18N,  R6W, 

Sec.  13D  and  24A,  T18N,  R7W 
North  Vj  Sec.  28,  T26N,  R8W 


Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 
Jan  1  -  Dec  31 


Jan  1  •  Dec  31 
Jan  1  -  Dec  31 


18 

10 
7.2 
6.9 
4.5 

35 


13,031 

13,031 

7.240 

7,240 

5,212 

5,212 

4,995 

4,995 

3.258 

3,258 

25.339 

25,339 

Ck.- Greek     Cty -County      Div  -  Diversion     Hwy -Highway     MF  -  Middle  Fork     NF- North  Fork     R- River 


2.649 

2.649 

460 

460 

SF- South  Fork     WF 

■  West  Fork 
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MONTANA  DEPARTMENT 

OF   HEALTH  AND 

ENVIRONMENTAL  SCIENCES 

APPLICATION 

DHES  has  applied  to  reserve  Instream  flows  to 
maintain  water  quality  on  the  main-stem  Missouri 
River.  In  Its  application.  DHES  requests  that  one- 
half  the  average  annual  flow  of  the  Missouri  River  be 
reserved  to  maintain  water  quality  at  the  following 
points:  Toston,  Ulm,  Vlrgelle,  and  Landusky  (Table 
3-3  and  Map  3-10). 

PURPOSE 

DHE^S  seeks  to  malntatn  flows  In  the  main-stem 
Missouri  River  to  dilute  naturally  occurring  arsenic, 
a  carcinogen.  Most  of  this  arsenic  comes  from  geo- 
thermal  springs  In  Yellowstone  National  Park,  with  a 
lesser  contribution  from  the  Boulder  River  and  other 
tributaries.  The  reservation  would  benefit  people 
who  rely  on  the  Madison  and  Missouri  rivers  and 
groundwater  replenished  by  these  streams  for  their 
source  of  drinking  water. 

Need 

Present  concentrations  of  arsenic  In  the  Madison 
River,  Boulder  River,  and  Missouri  River  main  stem 
far  exceed  the  instream  standard  under  the  Clean 
Water  Act.  DHES  contends  that  significant  risks  are 
associated  with  drinking  this  water  because  of  the 
carcinogenic  effects  of  arsenic.  Many  people  In  the 
Missouri  basin  use  surface  water  or  shallow,  stream- 
side  wells  as  their  drinking  water  sources.  According 
to  DHES,  the  reservation  would  help  limit  increases 
in  arsenic  concentrations  by  ensuring  that  needed 
dilution  flows  are  protected  from  future  appropria- 
tion. Appropriations  from  Madison  and  Missouri 
tributaries  reduce  the  amount  of  water  In  these 
streams  and  Increase  the  concentration  of  arsenic  in 
the  remaining  water.  DHE:S  argues  that  withdrawal 
and  consumptive  use  of  water  from  the  Missouri 
River  main  stem  will  Increase  the  concentration  of 
arsenic  in  return  flows  and  eventual^  the  Missouri 
River. 


Determination  of  Amount 

In  determining  the  amount  of  water  required  for 
the  reservation,  DHES  assumed  that  the  flow  of  ar- 
senic from  Yellowstone  Park  Is  relatively  constant. 
Given  this  constant  output  of  arsenic,  the  concentra- 
tion of  arsenic  at  any  downstream  point  will  depend 
on  reservoir  operations  and  the  Inflow  of  dilution 
water  from  higher  quality  tributaries.  Arsenic  mea- 
surements taken  at  different  gauging  stations  along 
the  sjrstem  were  used  to  estimate  the  average  dalfy 
load  of  arsenic  In  the  Madison  and  Missouri  rivers. 
DHES  said  all  of  the  remaining  unappropriated  water 
is  needed  to  protect  the  public  health  in  the  basin. 
However,  Section  85-5-331,  MCA,  limits  instream 
reservations  to  one-half  of  the  average  annual  flow  of 
gauged  streams.  DHES  is  therefore  requesting  one- 
half  the  average  annual  flow  at  four  points  along  the 
Missouri  main  stem  fTable  3-3).  In  order  to  satisfy 
these  requests,  sufficient  flows  would  have  to  remain 
In  the  tributaries. 

Public  Interest 

According  to  DHES,  the  reservation  request  Is  in 
the  public  interest  for  a  number  of  reasons.  First,  by 
limiting  withdrawals  of  additional  water,  the  reserva- 
tion would  help  limit  the  increased  risk  of  cancer  to 
people  drinking  water  from  the  Madison  or  Missouri 
rivers  or  from  aquifers  recharged  by  these  streams. 
Second,  the  reservation  would  help  limit  further  con- 
tamination of  soil,  groundwater,  and  crop^  by  water 
with  high  arsenic  concentrations.  Third,  the  mainte- 
nance of  water  quality  contributes  to  a  clean  and 
healthful  environment  for  the  state  and  the  nation. 
The  reservation  also  would  contribute  to  the  protec- 
tion and  continued  use  of  existing  water  rights. 


Table  3-3.  Amounts  requested  by  DHES  to  protect 
water  quality 


-Amount- 


Stream 


cfs 


acre-feet/year 


Missouri  River  at  Toston  2,596  1,879,504 

Missouri  River  at  Ulm  3,204  2,319,696 

Missouri  River  at  Virgelle  4,390  3,178,360 

Missouri  River  at  Landusky  4,815  3,486,060 
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MUNICIPAL  APPLICATIONS 

Eighteen  municipalities  have  applied  to  reserve 
water  In  the  basin  for  domestic,  community,  and 
commercial  needs.  The  reservation  requests  encom- 
pass a  variety  of  projects  in  the  individual  communi- 
ties and  pertain  to  both  surface  water  and  ground- 
water sources.  The  reservation  requests  of  each 
community  are  presented  in  Table  3-4  and  shown  on 
Map  3-11. 

Purpose 

The  purpose  of  the  mtmlcipal  reservation  re- 
quests Is  to  reserve  water  for  future  municipal  uses, 
including  domestic  water  supplies;  irrigation  of 
lawns,  parks,  and  city  grounds;  and  commercial  and 
Industrial  uses.  Securing  water  reservations  would 
help  ensure  that  water  would  be  available  for  future 
growth.  In  some  Instances,  communities  are  re- 
questing new  water  supplies  due  to  problems  with 
present  sources,  such  as  poor  water  quality  and 
unreliable  suppfy.  The  beneficiaries  of  municipal 
reservations  would  be  the  residents  and  businesses 
in  the  communities  served  by  the  municipal  water 
supply  systems. 

Need 

Because  the  municipalities  feel  that  water  use  In 
the  Missouri  River  basin  Is  continually  Increasing, 
they  believe  they  need  to  reserve  water  to  accommo- 
date future  growth.  A  reservation  Is  the  only  means 
of  obtaining  water  for  needs  that  will  occur  in  the 
future.  The  possibility  of  future  conflicts  with  other 
water  users  such  as  downstream  states  and  the  fed- 
eral government  Is  a  further  reason  for  communities 
to  obtain  reservations. 

Determination  of  Amount 

Although  different  municipalities  used  different 
methods  for  determining  how  much  water  to  request, 
some  general  procedures  were  used  by  all  the  mu- 
nicipal applicants.  Each  town  forecast  its  future 
population,  usually  to  the  year  2025.  and  deter- 
mined what  future  water  needs  would  be,  using  the 


estimated  amount  of  water  used  per  person.  In  most 
cases,  the  future  needs  of  the  city  and  service  areas 
outside  the  city  were  compared  to  the  amount  of 
water  that  could  be  supplied  under  existing  water 
rights.  Potential  sources  and  storage,  supply,  treat- 
ment, distribution,  and  discharge  facilities  also  were 
identified  and  evaluated  In  each  community's  appli- 
cation. 

Public  Interest 

According  to  the  municipalities,  the  reservation 
requests  are  In  the  public  Interest  for  two  primary 
reasons.  First,  there  is  constitutional  and  legislative 
support  for  reservation  and  subsequent  acquisition 
of  water  for  municipal  use.  Second,  it  is  essential 
that  cities  secure  an  adequate,  stable  water  supply 
for  future  development. 


Table  3-4.  Reservations  requested  by  municipalities 

— ^Amount — 

Municipality 

Source 

cfs 

acre-feet/ 
year 

Belgrade 

Wells  (2) 

3.56 

645 

Bozeman 

Sourdough 
(Bozeman)  Creek 

327.00 

6,000 

Chester 

Marias  River 

1.00 

435 

Choteau 

Wells  (4) 

1.84 

482 

Conrad 

Lake  Frances 
(inactive  pool) 

5.45 

1,322 

Cut  Bank 

Cut  Bank  Creek 

3.37 

890 

Dillon 

Well 

1.11 

202 

East  Helena 

McClellan  Creek 
and  wells 

0.93 

258 

Fairfield 

Wells  (2) 

0.34 

100 

Fort  Benton 

Municipal 

Missouri  River 

0.76 

89 

Parks  Irrigation 

Missouri  River 

0.67 

35 

Great  Falls 

Municipal 

Missouri  River 

28.16 

10.642 

Parks  Irrigation 

Missouri  River 

4.45 

233.5 

Parks  Irrigation 

Sun  River 

4.45 

233.5 

Helena 

Wells  (6-8) 

16.4 

7.071 

Lewistown 

Big  Spring  Creek 

3.57 

2.966 

Power 

Muddy  Creek 

0.27 

62 

Shelby 

Wells  (4-8) 

1.83 

302 

Three  Forks 

Wells  (2) 

0.45 

81 

West  Yellowstone 

Whiskey  Spring 

3.53 

2.550 

Winifred 

Well 

0.26 

60 
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U.S.  BUREAU  OF  LAND 
MANAGEMENT  APPLICATION 

BLM  applied  to  reserve  water  for  Instream  flows 
on  31  stream  reaches  in  the  Headwaters  Subbasln 
that  pass  through  land  administered  by  the  agency 
(see  Table  3-5).  These  streams  are  also  shown  on 
Map  3-6. 

Purpose 

BLM  seeks  reservations  on  small  headwater 
tributaries  for  fish,  wildlife,  and  recreation.  The 
reservation  requests  are  Intended  to  protect  these 
resources. 

Need 

Because  most  of  the  stream  segments  included 
In  the  application  have  private  land  located  upstream 
and  downstream  from  BLM  land,  the  flows  in  the 
streams  are  subject  to  future  appropriations  over 
which  BLM  has  no  control.  Under  Montana  law, 
instream  flows  can  be  protected  only  through  the 
reservation  process.  All  of  the  streams  for  which 
reservations  are  requested  provide  important  fisher- 
ies or  wildlife  habitat,  and  a  reservation  would  help  to 
protect  these  resources.  Some  of  the  streams  occur 
In  wilderness  study  areas,  and  their  native  plants 
and  animals  must  be  protected  until  it  is  decided 
how  they  will  be  managed.  Reserving  flow  would  also 
protect  associated  riparian  habitat  that  supports  di- 
verse recreational  opportunities. 

Determination  of  Amount 

The  amount  of  water  needed  for  the  Individual 
streams  was  considered  to  be  the  amount  necessaiy 


to  maintain  the  channel  and  provide  at  least  the 
minimum  flow  needed  for  aquatic  habitat,  wildlife, 
and  recreation.  Because  none  of  the  stream  reaches 
were  gauged,  monthly  flows  for  the  streams  were 
calculated  from  data  obtained  on  similar  gauged 
streams  in  western  Montana.  BLM  determined  the 
acceptable  flows  on  the  basis  of  DFWP*s  wetted  pe- 
rimeter method  C^pendix  B).  BLM  believes  that  the 
requested  flows  would  provide  the  minimum  amount 
of  streamflow  necessary  to  maintain  aquatic  habitat. 

BLM  is  also  requesting  charmel  maintenance 
streamflows.  The  streamflows  requested  are  equiva- 
lent to  bankfull  discharges  and  are  considered  nec- 
essary to  maintain  the  form  and  characteristics  of 
the  stream  channel.  Bankfull  discharges  were  esti- 
mated with  indirect  charmel  geometry  methods  de- 
veloped by  the  U.S.  Geological  Survey  (1983).  The 
high  springtime  flow  that  occurs  once  every  two  3^ars 
on  the  average  (the  two-year  recurrent  peak  dis- 
charge) was  found  to  closely  approximate  the 
bankfull  discharge.  Accordingly,  charmel  mainte- 
nance flows  are  requested  between  May  1  and 
June  30,  once  every  two  years. 

Public  Interest 

According  to  BLM,  the  reservations  would  provide 
a  direct  benefit  to  people  who  hunt,  fish,  hike,  and 
camp  on  public  land.  Because  there  is  access  across 
public  land  to  most  of  the  streams  named  In  the  BLM 
application,  a  significant  amount  of  recreational  use 
occurs  on  these  streams.  The  flows  also  would  main- 
tain the  highly  productive  riparian  zones  on  the 
streambanks,  which  would  protect  the  stream's 
fisheries  and  provide  forage  and  cover  for  a  wide 
variety  of  animals.  The  economic  value  of  the  recre- 
ational opportunities  associated  with  these  streams 
is  also  significant. 
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Table  3-5.  Reservations  requested  by  BLM  for  maintenance  of  aquatic  habitat  and  stream  channels 


Stream 


Ainuuiu 

Peak  discharge 

Year-round  for  aquatic 
habitat  maintenance 

every  other  year  for 
channel  maintenance 

cfs 

acre  feet/year 

cfs 

6 

4,344 

50 

2.5 

1,810 

50 

40 

28,960 

300 

2.5 

1.810 

35 

20 

14,500 

270 

1 

724 

4 

5 

3,620 

110 

S 

3,600 

50 

2.5 

1,810 

20 

4.5 

3.258 

50 

30 

21.720 

500 

18 

13.032 

215 

1.5 

1,086 

9 

1.5 

1,086 

35 

15 

10,860 

250 

1 

724 

5 

2 

1,428 

20 

S 

3,620 

110 

9 

6,516 

50 

8 

5,800 

70 

3.5 

2,534 

35 

11 

7,964 

225 

1.5 

1,090 

30 

1 

724 

5 

1 

724 

13 

1 

724 

5 

2 

1,448 

25 

1 

724 

10 

3 

2,172 

25 

1 

724 

5 

12 

8,900 

130 

Bear  Creek  near  Grant 

Bear  Creek  near  Wise  River 

Big  Sheep  Creek  near  Dell 

Black  Canyon  Creek  near  Grant 

Bloody  Dick  Creek  near  Grant 

Cabin  Creek  near  Dell 

Canyon  Creek  near  Divide 

Camp  Creek  near  Melrose 

Corral  Creek  near  Lakeview 

Deadman  Creek  near  Dell 

Deep  Creek  near  Wise  River 

East  Fork  Blacktail  Deer  Creek  near  Dillon 

East  Fork  Dyce  Creek  near  Dillon 

Frying  Pan  Creek  near  Grant 

Hell  Roaring  Creek 

Indian  Creek  near  IDeil 

Jones  Creek  near  Lakeview 

Long  Creek  near  Lakeview 

Medicine  Lodge  Creek  near  Grant 

Moose  Creek  near  Divide 

North  Fork  Greenhorn  Creek  near  Alder 

Odell  Creek  near  Lakeview 

Peet  Creek  near  Lakeview 

Rape  Creek  near  Grant 

Shenon  Creek  near  Grant 

Simpson  Creek  near  IDell 

Tom  Creek  near  Lakeview 

Trapper  Creek  near  Grant 

West  Fork  Blacktail  IDeer  Creek  near  Dillon 

West  Fork  Dyce  Creek  near  Dillon 

Willow  Creek  near  Glen 
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U.S.  BUREAU  OF 
RECLAMATION  APPLICATION 

BUREC  has  applied  to  reserve  flows  In  the  Mis- 
souri River  near  Vlrgelle  for  diversion  to  the  Milk 
River  near  Havre,  Montana.  The  water  would  be 
pumped  out  of  the  Missouri  River  through  a  pipeline 
and  Into  a  canal  where  It  woiold  flow  by  gravity  to  the 
point  of  discharge  (Map  3-12).  The  amount  of  water 
requested  Is  280  cfs  from  April  1  to  October  30  for  a 
total  volume  of  89,000  af  per  year. 

Purpose 

BUREC  would  reserve  water  for  the  following 
purposes: 

1 .  Supplemental  Irrigation  water  (46,400  acre-feet) 
for  33.000  acres  along  the  Milk  River 

2 .  Supplemental  Irrigation  water  ( 1 0,000  acre-feet) 
for  14,000  acres  on  the  Fort  Belknap  Indian  Res- 
ervation 

3.  New  full  service  Irrigation  (5,800  acre-feet)  for 
3,300  acres  on  Roclty  Boys  Indian  Reservation 

4.  New  full  service  irrigation  (5,900  acre-feet)  for 
3,300  acres  along  the  proposed  canal  between 
the  Missouri  and  Milk  rivers 

5.  13.000  acre-feet  for  Lake  Bowdoin  National 
Wildlife  Refuge 

6.  7,500  acre-feet  for  BLM  stock  ponds 

7.  400  acre-feet  for  the  town  of  Chinook 

This  reservation  is  the  third  phase  of  a  three- 
phase  plan  to  alleviate  water  shortages  in  the  Milk 
River  and  would  be  Implemented  only  if  the  other 
phases  are  not  complete^  successful.  The  first  phase 
is  underway  and  involves  rehabilitating  the  St.  Mary 
Canal,  which  diverts  water  from  the  St.  Mary  River  to 
the  Milk  River.  The  second  phase  involves  rehabili- 
tating existing  facilities  owned  by  irrigation  districts 


along  the  Milk  River  and  improving  on-farm  water 
use  efflclencies. 

Need 

BUREC  says  the  need  to  reserve  the  water  results 
from  (1)  the  threat  to  future  water  availability  in  the 
Milk  River  basin  as  a  result  of  enforcement  of  existing 
water  rights,  and  (2)  the  desire  to  Improve  long-range 
planning  In  the  Missouri  and  Milk  river  basins.  If 
water  users  in  the  Milk  River  basin  are  to  be  assured 
of  an  adequate  supply  of  water  for  their  projected 
uses,  the  flows  must  be  protected  from  other  appro- 
prlators.  Also,  the  reservation  would  reduce  water 
shortages  in  the  Milk  River  basin  and  offset  short- 
ages of  water  for  supplying  federal  reserved  water 
rights. 

DETERMINATION  OF  AMOUNT 

The  amount  of  water  requested  was  determined 
by  calculating  the  amount  needed  to  meet  the  pur- 
poses stated  above.  Detailed  Information  concerning 
the  proposed  land  and  water  requirements  can  be 
found  in  the  Milk  River  Water  Supply  Study  (DNRC 
and  BUREC  undated),  which  serves  as  a  support 
document  for  BUREC*s  reservation  application. 

Public  Interest 

According  to  BUREC.  the  reservation  request  is 
In  the  public  Interest  for  four  reasons.  First,  there  Is 
legislative  support  for  the  reservation  of  water  for  the 
beneficial  uses  included  in  this  reservation  request. 
Second,  the  reservation  application  serves  to  identify 
consumptive  uses  for  currently  unappropriated 
water.  Third,  the  reservation  would  maintain  exist- 
ing Irrigation  in  the  MUk  River  basin  and  also  provide 
for  new  Irrigation  with  resulting  economic  benefits. 
Fourth,  the  reservation  would  provide  water  to  Indian 
tribes,  allowing  them  to  develop  and  maintain  an 
expanded  economic  base. 
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CHAPTER  FOUR 

AFFECTED  ENVIRONMENT 


This  chapter  Includes  a  description  of  the  exist- 
ing environment  within  the  Missouri  River  basin 
above  Fort  Peck  Dam,  the  region  that  would  be  af- 
fected by  the  requested  reservations. 

WATER  QUANTITY  AND 
DISTRIBUTION 

The  following  section  describes  the  various  fac- 
tors that  influence  streamflow  and  the  uncertainties 
inherent  in  the  methods  used  to  estimate  existing 
flows.  The  baseline  streamflow  conditions  for  each 
of  the  four  subbasins  are  described.  DNRC  also 
developed  a  computer  model  to  examine  water  avail- 
ability in  the  bastn.  The  model  predicts  streamflows 
in  the  basin  assuming  irrigation  development  at  1 986 
levels.  The  model  is  explained  in  more  detail  in 
Appendix  C. 

Natural  and  Altered  Flow  Patterns 

The  natural  monthly  streamflow  patterns  in  the 
basin  are  lai]gely  determined  by  mountain  snowmelt 
and  spring  rains,  which  bring  flows  to  their  peak  in 
May  and  June.  Flows  diminish  throughout  the  sum- 
mer, fall,  and  winter  months,  usually  reaching  their 
mlnlmiim  in  March  and  April.  During  this  time, 
flows  are  maintained  primarily  by  groundwater 
discharges  into  streams,  with  an  occasional  increase 
in  runofl'from  rainstorms  and  snowmelt  during  warm 
spells  in  the  winter.  Streams  that  originate  at  lower 
elevations  exhibit  a  similar  pattern,  but  are  con- 
trolled more  by  rain  and  groundwater  inflows. 

Natural  flow  patterns  are  altered  by  human 
activities — primarily  Irrigation,  reservoir  operations, 
and,  to  a  smaller  degree,  municipal  water  use.  Figure 
4- 1  illustrates  water  consumption  by  the  majorwater 
users  in  the  basin.  The  irrigation  of  approximately 
1,244,000  acres  between  the  headwaters  and  Fort 
Peck  Dam  alters  streamflow  throughout  the  basin 
(BUREC  1990). 

Irrigation  usually  reduces  monthly  streamflows 
in  May  through  early  September,  and  return  flows 


often  increase  flows  from  October  to  February. 
Figure  4-2  contrasts  natural  streamflows  with 
streamflows  reduced  by  irrigation.  Relative  increases 
and  decreases  of  streamflows  depend  on  site-specific 
factors  such  as  the  amount  of  water  withdrawn,  type 
of  irrigation  system,  irrigation  management,  crop  and 
soil  types,  drainage  sjrstem  layout,  and  soil  charac- 
teristics. Less  efflcient  irrigation  systems,  such  as 
flooding,  require  relatively  large  amounts  of  water, 
much  of  which  returns  to  the  stream.  In  contrast, 
more  efficient  irrigation  systems,  such  as  sprinklers, 
require  less  water  to  be  diverted,  and  the  amount 
returned  to  the  stream  is  also  less. 

Irrigated  crops  in  Montana  typically  consume 
less  than  25  percent  of  the  water  diverted  (SCS 
1978).  The  remaining  irrigation  water  is  either  evapo- 
rated, used  by  other  plants,  or  returned  to  the  stream 
as  surplus  canal  flow,  surface  runoff",  or  groundwa- 
ter. Water  returning  to  the  stream  may  be  used  by 
others. 

Municipalities  alter  streamflows  in  much  the 
same  way  as  irrigation  except  that  water  is  used  year- 
round.  Demands  increase  during  the  summer 
months  because  of  lawn  and  garden  watering. 
According  to  information  in  the  municipal  water  res- 
ervation applications  (Aquoneering  1989),  approxi- 
mately 20  to  25  percent  of  the  water  diverted  is  con- 
sumed by  evaporation  and  other  processes.  Much  of 
the  diverted  water  returns  to  groundwater  through 
irrigation  of  parks  and  lawns,  or  through  loss  from 
leaky  distribution  systems.  Water  used  for  domes- 
tic purposes  is  sent  to  a  wastewater  treatment  plant 
and  subsequently  returned  to  a  stream  or  aquifer. 

Reservoir  operations  also  alter  natural  stream- 
flow  patterns.  Most  reservoirs  are  used  to  store  high 
spring  flows,  and  release  water  as  needed  during  the 
low  flow  months.  Maximum  drawdown  is  usually 
achieved  by  the  end  of  the  winter.  Just  before  high 
spring  flows  begin.  Most  small  reservoirs  are 
designed  for  a  single  purpose,  such  as  irrigation 
or  stock  watering,  and  may  run  dry  at  the  end  of 
the  demand  season.    In  contrast,  large  reservoirs 


42 


Figure  4-1.  Missouri  River  basin  consumptive  water  uses 


MISSOURI  RIVER  BASIN  TOTALS 

2,281  THOUSAND  ACRE-FEET  (Kaf)  PER  YEAR  (1985  FIGURES) 


RESERVOIR 

EVAPORATION 

(58.9%) 

1344  Kal 


HEADWATERS  SUBBASIN 

632  THOUSAND  ACRE-FEET  (KaO  PER  YEAR  (1985  FIGURES) 


AGRICULTURE 

NONIRRIGATION 

(1.1%) 

25  Kaf 


IRRIGATION 
(38.9%) 
886  Kaf 


UPPER  MISSOURI  SUBBASIN 

394  THOUSAND  ACRE-FEET  (Kaf)  PER  YEAR  (1985  FIGURES) 


RESERVOIR 

EVAPORATION 

(24.6X) 

ISSKaf 


AGRICULTURE 

NONIRRIGATION 

(1.1%) 

7  Kaf 


RESERVOIR 

EVAPORATION 

(43.2%) 

170  Kal 


AGRICULTURE 

NONIRRIGATION 

(1.2%) 

5  Kal 


MARIASn-ETON  SUBBASIN 

214  THOUSAND  ACRE-FEET  (Kaf)  PER  YEAR  (1985  FIGURES) 


AGRICULTURE 

NONIRRIGATON 

(1.3%) 

2  Kaf 


RESERVOIR 

EVAPORATION 

(SS<%) 

120  Kaf 


MIDDLE  MISSOURI  SUBBASIN 

1,041  THOUSAND  ACRE -FEET  (Kaf)  PER  YEAR  (1985  FIGURES) 


AGRICULTURE 

NONIRRIGATION 

(0.9%) 

10  Kal 


RESERVOIR 

EVAPORATON 

(16.5%) 

WO  Kal 


Sources:  DNRC  1990d,  Missouri  River  Basin  Commission  1981,  DNRC  1985. 
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Figure  4-2.  Natural  streamflow  pattern  contrasted  with  streamflow  pattern  affected  by  Irrigation* 


450 


Month 


^4ATURAL  STREAMFLOW 


STREAMFLOW  AFFECTED  BY  IRRIGATION 


a.  Natural  streamflows  are  based  on  measured  and  estimated  flows  for  Taylor  Creek  in  the  upper  Gallatin  drainage  near  Grayling  (USGS  gauge 
#06043000)  (or  the  period  of  record  1928-1986.  Streamflows  affected  by  irrigation  are  estimated  assuming  6,000  acres  of  new  flood  irrigation. 


typically  store  water  for  more  than  one  use.  with 
numerous  operational  constraints. 

Water  storage  and  the  associated  benefits  are  treated 
as  consumptive  uses  In  Figure  4- 1 .  This  is  because  of  the 
laige  amounts  of  water  that  are  returned  to  the  atmo- 
sphere through  reservoir  evaporation. 

Flow  records 

When  available,  stream  gauging  records  provide 
some  indication  of  streamflow  conditions  In  a  basin. 

Percentile  exceedance  flows  are  the  flow  rates 
that  have  been  equalled  or  exceeded  at  a  given  fre- 
quency over  the  period  of  record.  For  example,  in 
August  at  USGS  gauging  station  06025500  on  the 
Big  Hole  near  Melrose,  the  80th  percentile  flow  is  340 
cfs  and  the  20th  percentile  is  700  cfs  for  the  period  of 
record  from  1937  to  1986  (USGS  1989b).  That  means 
that  average  flows  of  340  cfs  or  more  have  been 
recorded  in  40  of  the  50  Augusts  (80  percent)  from 
1937  to  1986.  Similarly,  onfy  10  of  the  50  Augusts 
between  these  years  had  recorded  average  flows  of 
700  cfs  or  more.  In  assessing  streamflow  conditions 


in  the  basin,  DNRC  has  generally  assumed  that  the 
80th  percentile  exceedance  flow  represents  a  typical 
low  flow  condition,  while  the  20th  percentile  flow 
represents  a  typical  high  flow  condition. 

To  help  provide  a  common  basis  for  assessing 
flow  conditions  in  streams  throughout  the  basin,  the 
USGS,  in  cooperation  with  DFWP.  estimated  the  aver- 
age monthly  streamflow  records  at  341  sites  for  the 
50-year  period  from  1937  to  1986.  USGS  then  com- 
puted new  average  monthly  means  and  20th,  50th, 
80th,  and  90th  percentile  exceedance  flows  for  each 
site.  The  results  are  published  In  the  Water  Re- 
sources Investigations  Report  89-4082  (USGS  1989) 
and  are  used  extensively  In  this  draft  EIS  (Appendix 
D)  and  In  maity  of  the  reservation  applications. 

HEADWATERS  SUBBASIN 

Flows  of  the  Gallatin,  Madison,  and  Jefferson 
rivers  and  their  major  tributaries  have  been  mea- 
sured In  several  locations  by  USGS.  Average  monthly, 
average  annual,  and  percentile  exceedance  flows  are 
shown  In  Table  4-1.    Records  at  gauges  near  the 
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Table  4-1 .  Monthly  average  and  percentile  exceedance  streamflows  (cfs)  for  selected  USGS  gauges 
In  the  Headwaters  Subbasin 


USGS 

MONTHLY  FLOWS  - 

GAUGE*        NAME 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG. 

1 54     Beaverhead  River 

Average 

281 

297 

260 

214 

215 

233 

287 

428 

663 

531 

485 

344 

353 

near  Grant 

20th  % 

369 

418 

333 

260 

277 

303 

456 

698 

945 

746 

717 

463 

499 

50th  % 

260 

310 

260 

212 

214 

218 

227 

407 

592 

477 

389 

276 

320 

80th  % 

138 

145 

142 

151 

147 

156 

158 

177 

303 

282 

255 

173 

186 

1 85     Beaverhead  River 

Average 

480 

590 

520 

440 

450 

500 

520 

340 

430 

300 

260 

440 

439 

near  Twin  Bridges 

20th  % 

640 

710 

610 

510 

520 

590 

710 

560 

680 

400 

330 

570 

569 

50th  % 

440 

600 

510 

430 

450 

500 

490 

240 

300 

230 

200 

410 

400 

80th  % 

260 

440 

410 

340 

380 

400 

360 

140 

160 

120 

100 

220 

278 

230     Ruby  River 

Average 

220 

220 

180 

150 

130 

170 

200 

250 

380 

240 

140 

210 

208 

near  Twin  Bridges 

20th  % 

260 

250 

200 

170 

150 

210 

290 

360 

550 

350 

190 

280 

272 

50th  % 

230 

220 

160 

140 

130 

150 

190 

250 

340 

240 

140 

190 

198 

80th  % 

170 

190 

150 

120 

120 

120 

100 

120 

170 

120 

100 

150 

136 

255     Big  Hole  River 

Average 

530 

520 

400 

350 

370 

470 

1500 

3600 

4400 

1500 

520 

410 

1214 

near  Melrose 

20th  % 

710 

650 

470 

430 

450 

550 

2100 

5000 

6400 

2100 

700 

560 

1677 

50th  % 

490 

490 

390 

350 

340 

420 

1300 

3300 

4200 

1400 

490 

340 

1126 

80th  % 

360 

400 

310 

270 

290 

350 

1000 

2300 

2700 

730 

340 

260 

776 

265     Jefferson  River 

Average 

1310 

1470 

1250 

1060 

1110 

1240 

2320 

4010 

5490 

2070 

839 

1040 

1934 

near  Twin  Bridges 

20th  % 

1690 

1760 

1450 

1200 

1250 

1450 

3010 

5280 

7830 

3090 

1140 

1300 

2538 

50th  % 

1390 

1480 

1260 

1040 

1090 

1200 

2080 

3690 

5370 

1990 

767 

1000 

1863 

80th  % 

902 

1190 

1030 

893 

966 

1040 

1640 

2430 

3080 

913 

519 

705 

1276 

366.5  Jefferson  River 

Average 

1830 

1900 

1440 

1320 

1370 

1630 

2700 

4430 

6850 

2250 

1010 

1340 

2339 

near  Three  Forks 

20th  % 

2220 

2150 

1770 

1530 

1650 

1870 

3270 

6210  10200 

3170 

1400 

1830 

3106 

50th  % 

1760 

1920 

1420 

1320 

1350 

1650 

2710 

4320 

6220 

1940 

850 

1270 

2228 

80th  % 

1260 

1520 

1110 

1090 

1120 

1370 

2100 

2250 

3570 

1010 

538 

890 

1486 

(MPC)  Madison  River 

Average 

863 

880 

799 

776 

758 

754 

930 

1666 

1926 

993 

804 

826 

998 

net  inflow  to 

20th  % 

949 

956 

925 

894 

846 

862 

1052 

2021 

2533 

1325 

1007 

960 

1194 

Hebgen  Lake 

50th  % 

808 

786 

791 

758 

772 

754 

881 

1594 

1814 

938 

758 

762 

951 

80th  % 

696 

655 

646 

665 

663 

629 

756 

1241 

1189 

700 

626 

640 

759 

385     Madison  River  Average 

below  Hebgen  Lake  20th  % 
50th  % 
80th  % 


1340  1360  970  889 

1820  1880  1120  1090 

1380  1400  887  907 

883  829  771  756 


824  811  915  733  1220  1020  1100  1150  1028 

951  1100  1400  1170  1840  1260  1220  1420  1356 

789  801  803  592  1200  1010  1060  1200  1002 

684  550  404  309  588  780  914  890  697 


41 0     Madison  River 

below  Ennis  Lake 


Average  1930  1970  1520  1380  1380  1430  1570  1920  2960  1870  1560  1650   1762 

20th  %  2440  2480  1680  1580  1550  1710  2080  2460  3930  2380  1800  1960   2171 

50th  %  1960  2050  1520  1450  1400  1390  1490  1920  2890  1720  1560  1660    1751 

80th  %  1390  1420  1270  1180  1170  1150  1010  1330  1790  1350  1370  1290   1310 


425     Madison  River 

near  Three  Forks 


Average  1970  1860  1710  1390  1410  1450  1630  1980  3090  1870 

20th  %  2510  2250  1920  1590  1610  1790  2140  2530  4130  2450 

50th  %  1990  1920  1760  1450  1440  1410  1540  1950  3030  1720 

80th  %  1360  1410  1540  1180  1190  1190  1090  1330  1810  1310 


1450  1560  1781 

1730  1820  2206 

1450  1580  1770 

1240  1270  1327 


525     Gallatin  River                 Average        844  888  802  723  751  847  1130  2190  3150  1140  527  739  1144 

at  Logan                       20th  %         1060  1040  907  827  840  945  1370  2740  4440  1800  671  924  1464 

50th  %           854  889  792  713  736  857  1060  2140  3230  994  483  737  1124 

80th  %           601  781  725  646  647  737  901  1520  1680  478  388  563  806 

Source:  USGS  1989b 

°  Fourth,  fifth,  and  sixth  digits  of  eight  digit  code 
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rivers'  confluence  show  average  annual  flows  of  2.339 
cfs  In  the  Jeflerson  River,  1,781  cfs  In  the  Madison 
River,  and  1 ,  144  cfs  In  the  Gallatin  River  for  a  com- 
bined flow  of  over  3.8  million  acre-feet  per  year  (USGS 
1989a).  ./^pendtx  D  presents  the  monthfy  and  an- 
nual average  and  percentile  exceedance  flows  mea- 
sured or  calculated  by  USGS  at  selected  locations 
throughout  the  Headwaters  Subbasln. 

Streamflows  are  afiected  by  the  Irrigation  of  ap- 
proximately 655,000  acres  of  land  under  Irrigation 
upstream  from  Three  Forks  (BUREC  1990).  Because 
the  Headwaters  Subbasln  Is  so  mountainous,  most 
of  the  Irrigated  land  Is  in  the  lower  valleys. 

This  subbasln  has  four  ma)  or  reservoirs:  Hebgen 
Lake  on  the  Madison  River,  Ruby  Reservoir  on  the 
Ruby  River,  Lima  Reservoir  on  the  Red  Rock  River, 
and  Clark  Canyon  Reservoir  on  the  Beaverhead 
River.  Ruby,  Lima,  and  Clark  Canyon  reservoirs  are 
operated  to  provide  supplemental  irrigation  water, 
while  Hebgen  Lake  stores  water  to  provide  more  reli- 
able flows  for  downstream  hydropower  production. 
These  storage  facilities  create  more  uniform 


streamflows  than  would  naturally  occur,  as  illus- 
trated in  Figure  4-3.  Several  smaller  reservoirs  in  the 
subbasln  regulate  streamflows  locally  but  have  a 
lesser  effect  on  flows  in  the  major  tributaries. 

Streamflows  ranging  from  extremely  low  to  zero 
have  been  observed  on  several  stream  reaches  within 
this  subbasln.  The  most  notable  examples  are  the 
Jefferson  River  near  the  mouth  and  for  a  stretch 
below  the  Waterloo  Bridge  south  of  Whitehall,  and 
the  GaUattn  River  near  the  confluence  with  the  East 
Gallatin.  Gauging  stations  on  both  of  these  streams 
are  located  just  above  and  below  the  sections  where 
extremely  low  flows  have  been  observed.  Portions  of 
the  lower  Gallatin  and  Jefferson  rivers  near  Three 
Forks  also  are  known  to  contain  natural  water-losing 
reaches  followed  by  water-gaining  reaches.  The  low 
flows  in  the  losing  reaches  are  not  indicated  by  gaug- 
ing records  near  the  mouths  of  these  streams  where 
flows  are  well  above  those  in  the  losing  reaches. 

A  partial  list  of  streams  and  stream  reaches  that 
frequentty  exhibit  low  flow  conditions  is  provided  in 
Table  4-2.  Streams  with  low  flow  conditions  in  this 


Figure  4-3.  Example  of  the  effects  of  reservoir  operations  on  streamflow  patterns 
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Source:  USGS  1989a 
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Table  4-2.  Headwaters  Subbasin —  low-flow  problem  areas 

Stream/tributary  Stream  reaches  where  low  flow  occurs 


Cause  of  low  flows 


Beaverhead  River 

East  Bench  Diversion  Dam  to  Mouth 

Reservoir,  Irrigation 

Poindexter  Slough 

Portions  of  slough 

Irrigation 

Spring  Creek 

Portions  of  creek 

Irrigation 

Rattlesnake  Creek 

Portions  of  creek 

Irrigation 

Big  Sheep  Creek 

Cabin  and  Nicholia  creeks  to  mouth 

Irrigation 

Blacktail  Deer  Creek 

Middle  Fork  and  West  Fork  to  county  road 

Irrigation 

Browns  Canyon  Creek 

Portions  of  creek 

Irrigation 

Grasshopper  Creek 

Blue  Creek  to  mouth 

Irrigation 

Horse  Prairie  Creek 

Headwaters  to  mouth 

Irrigation 

Long  Creek 

Jones  Creek  to  mouth 

Irrigation 

Medicine  Lodge  Creek 

Bear  Canyon  to  mouth 

Irrigation 

Big  Hole  River 

> 

Portions  of  river 

Irrigation 

Birch  Creek 

Mule  Creek  to  mouth 

Irrigation 

Deep  Creek 

Sevenmile  Creek  to  mouth 

Irrigation 

Jerry  Creek 

Portions  of  creek 

Irrigation 

Moose  Creek 

Portions  of  creek 

Irrigation 

Wise  River 

Mono  &  Jacobsen  creeks  to  mouth 

Irrigation 

Willow  Creek 

Portions  of  creek 

Irrigation 

Trapper  Creek 

Portions  of  creek 

In-igation 

Camp  Creek 

Portions  of  creek 

Irrigation 

Steel  Creek 

Portions  of  creek 

Irrigation 

Moose  Creek 

Portions  of  creek 

Irrigation 

East  Gallatin  River 

Near  confluence  with  Gallatin  River 

Irrigation 

Thompson  Springs  Creek 

Portions  of  creek 

Irrigation 

Ross  Creek 

Portions  of  creek 

Natural 

Reese  Creek 

Portions  of  creek 

Irrigation 

Dry  Creek 

Portions  of  creek 

Irrigation 

Baker  Creek 

Lane  bridge  to  mouth 

Irrigation 

Bridger  Creek 

Headwaters  to  mouth 

Irrigation 

Hyalite  Creek 

Middle  Creek  ditch  to  1-90  bridge 

Irrigation 

South  Cottonwood  Creek 

Jim  Creek  to  Hart  Ditch  headgate 

Irrigation 

Sourdough  Creek 

Portions  of  creek 

Irrigation 

Smith  Creek 

Portions  of  creek 

Irrigation 

Camp  Creek 

Portions  of  creek 

Irrigation 

Big  Bear  Creek 

Below  forest  boundary 

Irrigation 

Gallatin  River 

West  Fork  and  East  Gallatin  River  to  mouth 

Irrigation 

Jefferson  River 

Portions  of  river— Waterloo  Bridge  to  Three  Fori<s 

Irrigation,  Natural 

Boulder  River 

West  Fork  and  South  Fork  to  mouth 

Irrigation 

Little  Boulder  River 

Moose  Creek  to  mouth 

Irrigation 

East  Boulder  River 

Portions  of  river 

Irrigation 

South  Boulder  River 

Portions  of  river 

Irrigation 

Dry  Boulder  Creek 

Portions  of  creek 

Irrigation 

North  Willow  Creek 

Hollow  Top  Lake  to  mouth 

Irrigation 

South  Willow  Creek 

Granite  Lake  to  mouth 

Irrigation 

Whitetail  Creek 

Whitetail  Resen/oir  to  mouth 

Irrigation 

Cherry  Creek 

Portions  of  creek 

Irrigation 

Fish  Creek 

Portions  of  creek 

Irrigation 

Dry  Creek 

Portions  of  creek 

Irrigation 

Big  Pipestone  Creek 

Portions  of  creek 

Irrigation 
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Table  4-2  (continued) 

Stream/tributary 

Stream  reaches  where  low  flow  occurs 

Cause  of  low  flows 

Madison  River 

Hebgen  Dam  to  West  Fork 

Reservoir 

Ruby  Creek 

Lower  portion 

Irrigation 

Indian  Creek 

Lower  portion 

Irrigation 

Blaine  Springs  Creek 

Ennis  Fish  Hatchery  to  mouth 

Irrigation 

Jack  Creek 

Lone  Creek  to  mouth 

Irrigation 

Hot  Springs  Creek 

North  and  Middle  Forks  to  mouth 

Irrigation 

Cherry  Creek 

Lower  4.5  miles 

Irrigation 

North  Meadow  Creek 

Portions  of  creek 

Irrigation 

Red  Canyon  Creek 

Portions  of  creek 

Natural 

Red  Rock  River 

Lima  Dam  to  Clark  Canyon  Reservoir 

Reservoir,  Irrigation 

Big  Sheep  Creek 

Portions  of  creek 

Irrigation 

Odell  Creek 

Portions  of  creek 

Imgation 

Sage  Creek 

Portions  of  creek 

Imgation 

Long  Creek 

Portions  of  creek 

In-igation 

Little  Sheep  Creek 

Portions  of  creek 

In-igation 

Ruby  River 

Ruby  Reservoir  to  mouth 

Irrigation 

Wisconsin  Creek 

Portions  of  creek 

Imgation 

Mill  Creek 

Portions  of  creek 

In-igation 

Alder  Gulch 

Portions  of  creek 

Irigation 

Sweetwater  Creek 

Portions  of  creek 

Imgation 

Indian  Creek 

Portions  of  creek 

Imgation 

and  other  subbasins  were  identified  by  hjrdnologists 
and  water  rights  analysts  at  DNRC,  and  DFWP  fish- 
eries biologists. 

UPPER  MISSOURI  SUBBASIN 

The  USGS  measures  Missouri  River  flows  at 
Toston,  near  Ulm,  and  near  Great  Falls  fTable  4-3). 
Additional  streamflow  measurements  are  available 
from  BUREC  at  Canyon  Ferry  Dam  and  from  MFC  at 
Hauser  and  Hotter  dams.  USGS  also  measures  flows 
on  the  Dearborn,  Smith,  and  Sun  rivers.  Belt  Creek, 
and  Muddy  Creek  (Table  4-3).  These  gauging  records 
show  average  annual  flows  in  the  Missouri  River 
ranging  from  5, 193  cfs  at  Toston  above  Canyon  Feny 
Reservoir  to  7,473  cfs  near  Great  Falls.  Average 
annual  tributary  contributions  include  203  cfs  from 
the  Dearborn  River,  342  cfs  from  the  Smith  River. 
208  cfs  from  Belt  Creek,  and  734  cfs  from  the  Sun 
River  (USGS  1989a).  Although  USGS  measures  flows 
on  all  of  the  major  streams  in  this  subbasin,  most  of 
the  smaller  waterways  remain  ungauged.  Appendix 
D  presents  the  monthty  and  annual  average  and 


percentile  exceedance  flows  measured  or  computed 
by  USGS  at  selected  locations  in  the  basin. 

The  natural  monthly  streamflow  patterns  In  this 
subbasin  are  similar  to  those  in  the  Headwaters 
Subbasin.  but  there  tends  to  be  less  streamflow  per 
unit  area  due  to  lower  elevations  and  less  snovi^jack 
accumulation.  In  general,  this  area  also  is  drier 
year-round  than  the  headwaters  area. 

The  Irrigation  of  282.000  acres  alters  streamflow 
patterns  in  this  subbasin  (BUREC  1990).  Although 
much  less  land  is  irrigated  than  in  the  Headwaters 
Subbasin.  irrigation  does  aflect  flows  in  many  of  the 
smaller  streams  that  feed  the  main  stem  and  larger 
tributaries. 

The  operation  of  Canyon  Ferry  Dam,  a  multi- 
purpose facility  used  to  store  water  for  irrigation, 
hydropower,  flood  control,  and  recreation,  has  the 
biggest  influence  on  the  Missouri  River's  monthly 
flow.  Operations  are  aimed  at  storing  high  spring 
flows  to  fill  the  reservofr  by  the  end  of  June  and  then 
releasing  water  gradually  over  the  summer,  fall,  and 
winter  to  reach  maximum  drawdown  by  the  end  of 
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Table  4-3.  Monthly  average  and  percentile  exceedance  streamflows  (cfs)  for  selected  USGS  gauges 
In  the  Upper  Missouri  Subbasin 


USGS 

MONTHLY  FLOWS 

GAUGE*    NAME 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY  JUN 

JUL 

AUG 

SEP 

AVG. 

545 

Missouri  River 

Average 

4470 

4770 

3860 

3430 

3770 

4070 

5670 

8780  12300 

5080 

2620 

3500 

5193 

at  Toston 

20th  % 

5380 

5640 

4250 

3860 

4230 

4790 

7160  11600  17700 

7040 

3340 

4600 

6633 

50th  % 

4410 

4670 

3830 

3400 

3750 

3940 

5570 

8720  11900 

4580 

2380 

3410 

5047 

80th  % 

3480 

3980 

3300 

2960 

3390 

3520 

3990 

5240  7140 

2670 

1830 

2560 

3672 

BUREC  Missouri  River 

Average 

4431 

4701 

3757 

3393 

3777 

4338 

5673 

8648  11722 

5042 

2657 

3436 

5131 

net  inflow  to 

20th  % 

5397 

5540 

4134 

3891 

4355 

5177 

7242  11836  17139 

7636 

3354 

4289 

6666 

Canyon  Ferry 

50th  % 

4384 

4683 

3750 

3395 

3878 

4170 

5113 

7969  11359 

4549 

2374 

3437 

4922 

Resen/oir 

80th  % 

3273 

3780 

3204 

2773 

3030 

3484 

4008 

5034  6295 

2433 

1864 

2470 

3471 

BUREC  Missouri  River 

Average 

4166 

4525 

4458 

4257 

4315 

4711 

5558 

7078  9243 

5517 

3662 

3601 

5091 

outfiow  from 

20th  % 

5048 

5340 

5349 

5514 

5514 

5920 

7383 

9754  12862 

7621 

4775 

4378 

6622 

Canyon  Ferry 

50th  % 

4048 

4335 

4446 

4289 

4270 

4465 

5218 

6469  8717 

5042 

3568 

3697 

4880 

Reservoir 

80th  % 

3111 

3389 

3464 

2989 

3289 

3481 

3806 

3798  4821 

2960 

2297 

2498 

3325 

MPC 

Missouri  River 

Average 

4162 

4496 

4486 

4312 

4312 

4735 

5535 

7021  9221 

5538 

3690 

3644 

5096 

at  Hauser  Dam 

20th  % 

5057 

5348 

5334 

5515 

5512 

5887 

7367 

9658  12651 

7612 

4927 

4383 

6604 

50th  % 

4034 

4281 

4498 

4356 

4209 

4600 

5155 

6355  8643 

5027 

3618 

3616 

4866 

80th  % 

3072 

3518 

3600 

3090 

3065 

3532 

3448 

3669  4764 

2931 

2355 

2588 

3303 

665 

Missouri  River 

Average 

4470 

4820 

4980 

4860 

4760 

5100 

5670 

7190  9970 

5880 

4040 

4000 

5478 

beiow  IHolter  Dam 

20th  % 

5380 

5680 

5720 

6000 

6100 

6290 

7480  10000  14100 

8000 

5260 

5070 

7090 

50th  % 

4400 

4700 

4880 

4890 

4630 

4960 

5500 

6990  9210 

4960 

3940 

3910 

5248 

80th  % 

3340 

3940 

4010 

3820 

3780 

4050 

3370 

3750  5210 

3660 

2880 

2900 

3726 

735 

Dearborn  River 

Average 

72 

72 

67 

56 

61 

84 

200 

680   810 

210 

70 

56 

203 

near  Craig 

20th  % 

91 

92 

83 

67 

71 

100 

350 

1000  1100 

340 

100 

75 

289 

50th  % 

70 

68 

62 

53 

57 

77 

180 

670   710 

180 

68 

52 

187 

80th  % 

48 

51 

47 

41 

46 

54 

91 

360   300 

89 

33 

32 

99 

775 

Smith  River 

Average 

165 

154 

119 

100 

145 

172 

417 

994  1080 

452 

159 

150 

342 

near  Eden 

20th  % 

190 

201 

152 

140 

192 

238 

564 

1520  1440 

739 

225 

194 

483 

50th  % 

135 

158 

106 

93 

132 

163 

357 

860   924 

365 

141 

122 

296 

80th  % 

114 

101 

66 

61 

88 

107 

213 

464   529 

185 

83 

85 

175 

782 

Missouri  River 

Average 

4830 

5250 

5350 

5260 

5280 

5700 

6830 

9780  12800 

7260 

4310 

4260 

6409 

near  Dim 

20th  % 

6020 

6240 

6130 

6380 

6530 

6830 

8780  12800  17600  10000 

5850 

5300 

8205 

50th  % 

4730 

5040 

5290 

5320 

5140 

5660 

6680 

9200  11700 

6570 

4120 

4220 

6139 

80th  % 

3650 

4210 

4510 

4210 

4350 

4490 

4180 

6270  7190 

4020 

2740 

3070 

4408 

885 

Muddy  Creel< 

Average 

109 

63 

46 

35 

38 

56 

43 

144   251 

281 

310 

192 

131 

at  Vaughn 

20th  % 

132 

72 

55 

46 

51 

67 

50 

177   313 

357 

381 

234 

161 

50th  % 

109 

65 

44 

35 

35 

39 

36 

131   231 

280 

324 

191 

127 

80th  % 

84 

51 

35 

25 

27 

32 

30 

104   175 

197 

239 

158 

96 

890 

Sun  River 

Average 

379 

330 

297 

249 

260 

334 

471 

1660  2940 

859 

582 

442 

734 

near  Vaughn*" 

20th  % 

467 

376 

341 

319 

335 

472 

712 

2419  4393 

1174 

758 

568 

1028 

50th  % 

367 

327 

284 

238 

244 

267 

360 

1214  2072 

679 

576 

423 

588 

80th  % 

260 

255 

225 

185 

180 

174 

194 

573  1091 

361 

398 

312 

351 

903 

Missouri  River 

Average 

5810 

5930 

5820 

5730 

5920 

6500 

7720  1170015600 

8500 

5360 

5090 

7473 

near  Great  Faiis 

20th  % 

6840 

7270 

6770 

7140 

7480 

8070  10100  15700  21300  11800 

7200 

6320 

9666 

50th  % 

5490 

5600 

5800 

5420 

5850 

6140 

7600  10900  15100 

7840 

5090 

4890 

7143 

80th  % 

4950 

4920 

4770 

4620 

4660 

5050 

5010 

7630  8530 

4880 

3750 

3830 

5217 

906.1 

Beit  Creek 

Average 

46 

34 

24 

17 

19 

27 

140 

770  1100 

220 

59 

42 

208 

near  Portage 

20th  % 

61 

48 

34 

27 

28 

37 

270 

1200  1700 

330 

91 

60 

324 

50th  % 

37 

31 

22 

17 

17 

24 

100 

540   710 

150 

54 

35 

144 

80th  % 

21 

18 

12 

9 

11 

13 

46 

320   390 

85 

27 

18 

81 

Source:  USGS  1989b 

*  Fourth,  fifth,  smd  sixth  digits  of  eight  digit  code 

''  Source;  USGS  1981 
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February.  BUREC  plans  releases  In  cooperation  with 
MPC  and  DFWP  to  maximize  benefits  tn  hydropower 
production  and  recreation.  Figure  4-4  presents  aver- 
age monthly  Inflow  and  outflow  for  Canyon  Ferry 
Lake  to  Illustrate  the  dam's  regulating  effects  on 
main-stem  river  flows. 

MFC's  Hauser  and  Holter  dams,  located  Just 
downstream  finom  Carbon  Ferry,  also  alter  main-stem 
streamflows,  but  to  a  much  lesser  degree  than  Can- 
yon Ferry.  Both  dams  are  generally  operated  as  run- 
of-the-river  facilities:  they  have  little  storage,  and 
water  runs  out  as  fast  as  it  flows  in.  However.  Holter 
Reservoir  has  enough  storage  to  significantly  alter 
streamflows  on  a  dally  to  weekty  basis.  Neither  facil- 
ity is  large  enough  to  alter  monthly  streamflow  pat- 
terns to  any  significant  degree.  MPC  operates  five 
run-of-the-rlver  dams  near  Great  Falls — Rainbow, 
Black  Eagle,  I^an,  Cochran,  and  Morony — for  hy- 
dropower generation.  As  with  the  Hauser  and  Holter 
facilities,  these  dams  can  be  used  to  alter  flows  on  a 
daify  basis,  but  not  on  a  monthly  scale. 

Sun  River  flows  are  altered  by  a  combination  of 
Irrigation  and  reservoir  operations.  Gibson,  PIshkun, 


and  Willow  Creek  reservoirs  store  water  for  irrigation, 
including  the  large  Greenfields  Bench  project. 
A  few  miles  below  Gibson  Dam.  the  PIshkun  Canal 
diverts  a  large  portion  of  the  Sun  River  into  PIshkun 
Reservoir.  From  there,  water  is  distributed  to  ap- 
proximately 11.000  acres  through  the  Sun  River 
Slope  Canal.  Spring  Valley  Canal,  Greenfields  Main 
Canal,  and,  farther  downstream,  the  Sun  River  Ditch 
and  Fort  Shaw  Canal  supply  approximately  1 10.000 
acres  of  irrigated  land. 

Irrigation  causes  most  of  the  seasonal  low-flow 
conditions  observed  In  this  subbasin  {Table  4-4). 
Irrigation  use  and  geological  conditions  in  Dry  Creek. 
Confederate  Gulch,  and  Avalanche  Creek  on  the  east 
side  of  the  Missouri  River  and  Canyon  Ferry  Reser- 
voir cause  most  of  the  severe  low-flow  conditions 
below  the  national  forest  boundary.  Low-flow  condi- 
tions are  common  in  the  Sun  River  below  the  diver- 
sion dam  that  feeds  PIshkun  Canal.  This  condition 
persists  throughout  the  summer  as  long  as  irrigation 
diversions  are  occurring.  Much  of  the  diverted  water 
is  returned  to  the  Sun  River  via  Muddy  Creek,  which 
picks  up  most  of  the  return  flows  from  the  Greenfields 


Figure  4-4.  Effects  of  Canyon  Ferry  Reservoir  on  Missouri  River  flows 
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Source:  USGS  1989a 
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Table  4-4.  Upper  Missouri  Subbasin — low  flow  problem  areas 


Stream-Tributary 

Stream  Reaches 

Cause 

Missouri  River 

(Three  Forks  to  Canyon  Ferry) 

Avalanche  Creek 

Cooney  Gulch  to  Canyon  Ferry  Reservoir 

Irrigation,  Natural 

Beaver  Creek 

Headwaters  to  Canyon  Ferry  Reservoir 

Irrigation 

Confederate  Gulch 

Debauch  Gulch  to  mouth 

Irrigation,  Natural 

Crow  Creek 

Tizer  &  Wilson  Creeks  to  Williams  Ditch  intake 

Irrigation 

Deep  Creek 

Castle  Fork  to  Missouri  River 

Irrigation 

Dry  Creek 

Headwaters  to  Broadwater  Missouri  Canal 

Irrigation,  Natural 

Duck  Creek 

Headwaters  to  Canyon  Ferry  Reservoir 

Irrigation 

Sixteenmile  Creek 

Billy  Creek  to  mouth 

Irrigation 

Smith  River 

Portions  of  creek 

Irrigation 

Butte  Creek 

Portions  of  creek 

Irrigation 

Camas  Creek 

Portions  of  creek 

Irrigation 

Eagle  Creek 

Portions  of  creek 

Irrigation 

Hound  Creek 

Portions  of  creek 

Irrigation 

Newlan  Creek 

Portions  of  creek 

Irrigation 

N.  Fork  Smith  River 

Portions  of  creek 

Irrigation 

Sheep  Creek 

Portions  of  creek 

Irrigation 

Spring  Creek 

Portions  of  creek 

Irrigation 

Thomas  Creek 

Portions  of  creek 

Irrigation 

Missouri  River 

(Canyon  Ferry  to  Holter  Dam) 

Spokane  Creek 

Helena  Valley  Canal  to  mouth 

Natural,  irrigation 

Trout  Creek 

Vigilante  Campground  to  mouth 

Irrigation 

Prickly  Pear  Creek 

East  Helena  Highway  Bridge  to  Lake  Helena 

Irrigation 

Ten  mile  Creek 

Portions  of  creek 

Irrigation 

Silver  Creek 

Helena  Valley  Canal  to  mouth 

Irrigation 

Canyon  Creek 

Portions  of  creek 

Irrigation 

Little  Prickly  Pear 

Headwaters  to  5.5  miles  downstream 

Irrigation 

Little  Prickly  Pear 

Clark  Creek  to  mouth 

Irrigation 

Wegner  Creek 

Portions  of  creek 

Natural 

Stickney  Creek 

North  and  South  Forks  to  mouth 

Natural 

Sevenmile  Creek 

Headwaters  to  Tenmile  Creek 

Irrigation 

Dearborn  River 

Portions  of  creek 

Irrigation 

South  Fork  Dearborn 

Portions  of  creek 

Irrigation 

Sun  River 

Diversion  dam  to  mouth 

Irrigation 

Big  Muddy  Creek 

Portions  of  creek 

Irrigation 

Willow  Creek 

Portions  of  creek 

Irrigation 

Elk  Creek 

Portions  of  creek 

Irrigation 

Mill  Coulee 

Portions  of  creek 

Irrigation 

Ford  Creek 

Portions  of  creek 

Irrigation 

Smith  Creek 

Portions  of  creek 

Irrigation 

Belt  Creeic 

Big  Otter  Creek  to  Missouri 

Natural 

Little  Belt  Creek 

Portions  of  creek 

Natural 

Big  Otter  Creek 

Portions  of  creek 

Natural 
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Bench  Irrigation  project.  Flows  in  the  middle  and 
lower  sections  of  the  Smith  River  also  can  be  seri- 
ously reduced  In  the  late  summer  due  to  Irrigation 
diversions.  Natural  low  flow  conditions  occur  In  a 
losing  reach  of  Belt  Creek  for  about  13  miles  below 
the  confluence  of  Otter  Creek.  This  reach  has  only 
Intermittent  flows  during  diy  years  (DFWP  1989a). 

MARIAS/TETON  SUBBASIN 

uses  measures  Marias  River  flows  at  the  mouth 
near  Loma  and  several  locations  upstream  fTable  4- 
5).  Additional  data  are  collected  by  BUREC  at  Tiber 
Dam.  Teton  River  flows  are  measured  at  upstream 
locations,  but  not  near  the  mouth.  These  records 
show  average  annual  flows  of  877  cfs  in  the  Marias 
near  the  mouth  and  148  cfs  In  the  middle  section  of 
the  Teton  River  at  the  gauge  near  Dutton  (USGS 
1 989a) .  Themajor  headwater  tributaries  of  the  Marias 
and  Teton  also  have  been  measured,  but  most  other 
small  streams  In  the  subbasin  are  ungauged.  Appen- 
dix D  presents  the  monthly,  average  annual,  and 
percentile  exceedance  flows  for  several  gauging  sta- 
tions as  measured  or  computed  by  the  USGS. 


The  headwaters  of  this  subbasin  originate  In  the 
mountains,  and  the  natural  streamflow  pattern  Is 
snowmelt-domlnated.  Many  of  the  natural  stream- 
flow  patterns,  however,  are  altered  by  the  numerous 
irrigation  storage  and  diversion  facilities  in  the  upper 
portion  of  the  subbasin.  These  facilities  provide  water 
for  approximately  218,000  acres  of  irrigated  land 
(BUREC  1 990) ,  most  of  which  Is  concentrated  around 
the  tributaries  of  the  Marias  and  Teton  rivers. 

Though  many  small  Irrigation  dams  are  located 
on  the  headwater  tributaries,  BUREC's  Tiber  Reser- 
voir on  the  Marias  River  has  the  greatest  impact  on 
monthly  streamflow  patterns  In  the  subbasin.  Tiber 
Reservoir,  originally  designed  to  supply  water  to  the 
proposed  Lower  Marias  Irrigation  Unit  and  poten- 
tially to  support  new  hydropower  development.  Is 
currently  used  for  flood  control,  recreation,  and 
streamflow  maintenance,  with  a  small  portion  of 
the  water  used  for  irrigation  and  municipal  supplies. 
Operation  of  this  facility  Is  guided  by  the  Intention 
to  fill  the  reservoir  by  the  end  of  June  and  draw 
the  reservoir  down  by  the  end  of  February  (BUREC 


Table  4-5.  Monthly  average  and  percentile  exceedance  streamflows  (cfs)  for  selected  USGS  gauges 
In  the  Marlas/Teton  Subbasin 


USGS 
GAUGE* 


NAME 


: MONTHLY  FLOWS  

OCT     NOV     DEC     JAN      FEB     MAR     APR     MAY     JUN      JUL     AUG      SEP   AVG. 


0995       Marias  River  Average 

net  inflows  to  20th  % 

Tiber  Reservoir      50th  % 
80th  % 


379  372  284  244  345  666  1113  2626  3155  1025  349  313     906 

497  448  367  319  460  962  1363  3487  4062  1457  472  474  1197 

301  320  239  207  265  450  1050  2435  2403  795  261  235     747 

183  202  154  148  162  279  517  1813  1441  449  165  157     473 


1015       Marias  River  Average  586  524 

outflows  from  20th  %  964  843 

Tiber  Reservoir      50th  %  429  378 

80th  %  253  198 


340  280  351  595  1041  1910  2442  1246  724  636  890 

472  379  576  908  1425  2605  3495  1867  1012  968  1293 

282  233  255  422  880  1812  1715  927  538  445  693 

178  144  149  269  391  941  937  542  193  217  368 


1020 


Marias  River 
near  Loma 


Average 
20th  % 
50th  % 
80th  % 


862  637  393  331  422  476  885  1390  1850  1330  1070  875  877 

1070  841  654  499  632  751  1280  1700  2560  1990  1550  1080  1217 

814  625  373  303  417  394  829  1360  1460  1340  978  719  801 

537  367  181  161  216  222  493  1090  745  680  537  422  471 


1080   Teton  River      Average  75  76  68  55  86  172  180  326  417  170 

near  Dutton     20th  %  106  97  94  66  95  196  252  435  556  266 

50th  %  63  70  58  55  67  115  149  337  315  144 

80th  %  40  44  39  42  47  72  103  113  137  64 


80  69  148 

116  90  197 

67  59  125 

45  39  65 


Source:  USGS  1989b 

"  Third,  fourth,  fifth,  and  sixth  digits  of  eight  digit  code 
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1986).  The  average  monthly  Inflow  and  outflow  hy- 
drographs  for  Tiber  are  presented  In  Figure  4-5. 

Low-flow  conditions  In  the  Marias  River  drainage 
are  limited,  with  only  occasional  problems  In  some 
small  tributary  streams  fTable  4-6).  A  similar  situa- 
tion exists  In  the  tributaries  of  the  Teton  River.  The 
Teton  itself,  however,  is  occasional^  low  In  stretches 
above  Choteau  and  near  the  mouth.  The  reach  near 
the  mouth  is  ungauged,  and  the  severity  of  the  low- 
flow  condition  there  is  difficult  to  quantify. 

MIDDLE  MISSOURI  SUBBASIN 

The  Middle  Missouri  Subbasln  includes  the  land 
draining  into  the  Missouri  main  stem  from  the  mouth 
of  Belt  Creek  downstream  to  Fort  Peck  Dam.  This 
drainage  area  Includes  the  Judith  and  Musselshell 
river  basins.  Unlike  the  other  three  subbasins, 
streams  In  this  region  do  not  originate  In  the  Roclqr 
Mountains.  Instead,  water  drains  from  lower  and 
more  Isolated  ranges  Including  the  Little  Belt,  Castle, 
Crazy,  Big  Snowy,  Judith,  Bear  Paw,  and  Little  Roclqr 
mountains  and  from  the  eastern  plains. 

The  Missouri  River  and  Its  tributaries  are  mea- 
sured by  USGS  gauges  at  several  locations.  Average 


and  percentile  exceedance  streamflows  are  presented 
In  Table  4-7.  These  records  show  average  annual 
flow  of  7,688  cfs  at  Fort  Benton  and  9,325  cfs  pass- 
ing Fort  Peck  Dam  (USGS  1989a).  On  the  Judith 
River,  USGS  measures  flows  In  the  headwater  tribu- 
taries £ind  near  the  mouth.  The  gauge  near  the 
mouth  near  Winifred  shows  an  average  annual  flow 
of480  cfs  (USGS  1989a).  The  Musselshell  River  has 
been  mesisured  at  Harlowton,  near  Roundup,  and 
near  Mosby.  Average  annual  flows  at  these  sites 
range  from  156  cfs  at  Harlowton  to  210  cfs  near 
Roundup,  then  up  to  310  cfs  near  Mosby  (USGS 
1 989a) .  Big  Dry  Creek,  which  enters  the  Big  Dry  arm 
of  Fort  Peck  Reservofr,  contributes  an  average  57  cfs 
to  the  reservofr  (USGS  1989a).  ^pendix  D  presents 
a  summary  of  the  monthty  mean  and  percentile 
exceedance  flows  for  selected  streams  throughout 
the  subbasln. 

Although  streams  in  this  subbasln  originate  In 
lower  mountain  ranges,  most  natural  streamflows 
still  exhibit  snowmelt-domlnated  characteristics. 
This  basin  also  contains  numerous  spring-fed 
streams  that  tend  to  flow  at  relatively  constant  rates 
year-round.  Streamflow  patterns  have  been  altered 
by  irrigating  approximately  89.000  acres. 


Figure  4-5.  Effects  of  Tiber  Reservoir  on  Marias  River  flows 
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a.     Based  on  recorded  and  estimated  streamflows  by  BUREC  and  USGS  (1928-1986  period  of  record) 
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Table  4-6.  Marlas/Teton  Subbasin — low-flow  problem  areas 

Stream/tributary  Stream  reaches  where  low  flows  occur 


Cause  of  low  flows 


Marias  River 

Cut  Bank  Creek 
Dupuyer  Creek 
North  Fork  Dupuyer  Creek 
South  Fork  Dupuyer  Creek 
North  Fork  Willow  Creek 
South  Fork  Willow  Creek 
Birch  Creek 

Teton  River 
Deep  Creek 
North  Fork  Deep  Creek 
South  Fork  Deep  Creek 
Willow  Creek 
McDonald  Creek 
Spring  Creek 


Portions  of  river 

Portions  of  creek 

Portions  of  creek 

To  Dupuyer  Creek 

To  Dupuyer  Creek 

To  Willow  Creek 

To  Willow  Creek 

Portions  of  creek  below  diversions 

Below  Priest  Butte  Lake 
Portions  of  creek 
To  Deep  Creek 
To  Deep  Creek 
To  Deep  Creek 
To  Teton  River 
Portions  of  creek 


Irrigation 
Irrigation 
Irrigation 
Irrigation 
Irrigation 
Irrigation 
Irrigation 
Irrigation 

Irrigation 
Irrigation 
Irrigation 
Irrigation 
Irrigation 
Irrigation 
Irrigation 


Table  4-7.  Monthly  average  and  percentile  exceedance  streamflows  (cfs)  for  selected  USGS  gauges 
in  the  Middle  Missouri  Subbasin 


USGS 

MONTHLY  FLOWS 

GAUGE        NAME 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP   AVG. 

0908 

Missouri  River 

Average 

5630 

5950 

5880 

5820 

6050 

6610 

7930 

12500 

16600 

8770 

5370 

5150    7688 

at  Fort  Benton 

20th  % 

6920 

7160 

6990 

7210 

7630 

7990 

10100 

17700 

23100 

12300 

6920 

6330  10029 

50th  % 

5350 

5560 

5790 

5480 

5960 

6340 

7690 

11500 

15600 

7920 

5150 

4930    7273 

80th  % 

4330 

4950 

4810 

4650 

4700 

5280 

5140 

8000 

9020 

5210 

3750 

3720    5297 

1095 

Missouri  River 

Average 

6310 

6550 

6380 

6270 

6640 

7570 

9140 

14400 

19700 

10300 

6210 

5880    8779 

at  Virgelle  20th  % 

7650 

7560 

7370 

7710 

8370 

9120 

12100 

18800  26200 

14300 

8130 

7050 

11197 

50th  % 

6140 

6390 

6450 

5950 

6650 

7170 

8510 

13400 

18000 

9990 

5800 

5430    8323 

80th  % 

4890 

5360 

5180 

4870 

5180 

5660 

6210 

9920 

11700 

5620 

4310 

4250    6096 

1135 

Judith  River  Average 

407 

417 

424 

434 

483 

537 

519 

538 

548 

548 

469 

440 

480 

near  Winifred 

20th  % 

554 

581 

594 

603 

641 

707 

725 

722 

724 

674 

669 

638     653 

50th  % 

419 

446 

473 

485 

527 

587 

495 

533 

553 

555 

480 

473     502 

80th  % 

243 

243 

246 

243 

251 

306 

294 

358 

303 

316 

247 

243      274 

1152 

Missouri  River 

Average 

6790 

7060 

6850 

6690 

7310 

8930 

10100 

15500  21700 

11500 

6780 

6360    9631 

near  Landusky 

20th  % 

8080 

7980 

7880 

8290 

9330 

10700 

13900  21200  28800 

15400 

8730 

7690  12332 

50th  % 

6700 

6770 

6900 

6600 

7240 

8380 

9170 

14200 

19500 

11400 

6550 

5930    9112 

80th  % 

5340 

5900 

5590 

5180 

5460 

6580 

7000 

10200 

12800 

6210 

4700 

4590    6629 

1305 

Musselshell  River 

Average 

82 

87 

82 

86 

219 

545 

349 

633 

1040 

350 

117 

128     310 

near  Mosby 

20th  % 

119 

139 

132 

121 

280 

634 

543 

955 

1750 

496 

224 

178     464 

50th  % 

69 

74 

67 

70 

120 

272 

182 

360 

589 

136 

87 

73      175 

80th  % 

15 

36 

31 

21 

48 

115 

88 

100 

153 

51 

20 

20       58 

1310 

Big  Dry  Creek 

Average 

5 

3 

3 

3 

62 

301 

100 

35 

77 

57 

16 

19       57 

near  Van  Norman 

20th  % 

8 

4 

2 

2 

98 

642 

50 

34 

136 

47 

14 

9       87 

50th  % 

2 

2 

1 

0 

3 

73 

10 

8 

28 

9 

4 

1        12 

80th  % 

0 

1 

0 

0 

0 

7 

4 

3 

3 

1 

0 

0         2 

1320 

Missouri  River 

Average 

11500 

8830 

8320 

8710 

8660 

7420 

7300 

7900 

8160 

10200 

12700 

12200    9325 

below  Fort 

20th  % 

15300 

13100 

11300 

12600 

13800 

11100 

10300 

11900 

12600 

13200 

18100 

18300  12484 

Peck  Dam 

50th  % 

10300 

9010 

9320 

9860 

8240 

7620 

7240 

6960 

7900 

10100 

12100 

11400    9171 

80th  % 

5310 

4870 

5450 

4670 

2820 

3480 

3830 

3890 

3690 

5620 

7570 

6360    4797 

Source:    USGS  1989b 

f  Third,  fourth,  fifth,  and  sixth  digits  of  eight  digit  code 
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Irrigation  is  especially  prevalent  In  the  Mussel- 
shell River  basin  where  streamflows  are  almost  com- 
pletely regulated  by  Irrigation  and  Irrigation  storage 
facilities.  Flows  In  the  Musselshell  River  are  regu- 
lated by  Balr,  Martlnsdale,  and  Deadmans  Basin 
reservoirs.  All  of  these  facilities  are  designed  to  pro- 
vide water  for  downstream  Irrigation  diversions. 
Farther  downstream  on  FlatwUlow  Creek,  local 
streamflows  are  regulated  by  PetroUa  Reservoir. 
Many  smaller  Irrigation  and  stockwater  reservoirs 
alter  streamflows  locally,  but  have  little  effect  on 
flows  In  the  larger  streams. 

The  largest  storage  facility  in  the  subbasin,  and 
in  the  state.  Is  the  U.S.  Army  Corps  of  Engineers'  Fort 
Peck  Reservoir.  This  facility  Is  operated  In  conjunc- 
tion with  the  Corps*  five  other  main-stem  Missouri 
facilities  in  downstream  states  for  flood  control,  navi- 
gation, irrigation,  municipal  water  supplies,  and  rec- 
reation. Operations  are  veiy  similar  to  the  other 
large  reservoirs  In  the  basin,  storing  spring  flows  to 
fill  the  reservoir  by  the  end  of  June,  then  releasing 
water  througjiout  the  summer,  fall,  and  winter  to 
reach  maximum  drawdov*ni  by  the  end  of  February. 

One  of  the  reservation  applicants  proposed  to 
pump  groundwater  from  abandoned  underground 
coal  mines  near  Roundup  to  augment  Musselshell 
Riverflows  during  the  irrigation  season.  These  mines 
contain  large  amounts  of  water.  At  least  one  of  the 
mines,  the  Jeffrey,  is  In  contact  with  the  Musselshell 


River  alluvial  aquifer.  The  mines  are  also  in  contact 
with  Fort  Union  formation  aquifers  close  to  the 
Roundup  coal  bed. 

Table  4-8  Identifies  streams  with  low-flow  prob- 
lems In  this  subbasin.  DFWP  Indicated  in  its  reserva- 
tion application  that  an  upper  reach  of  the  Judith 
River  has  severe  low-flow  conditions  for  several  miles 
due  to  locally  intensive  irrigation  (DFWP  1989a). 
Low-  flow  conditions  also  are  found  In  the  Mussel- 
shell River  downstream  fi-om  Deadmans  Basin  diver- 
sion to  Careless  Creek  and  between  Melstone  and 
Mosby.  Low-flow  conditions  In  the  Musselshell  River 
are  caused  largely  by  canal  diversions  for  Irrigation. 
Before  the  reservoirs  were  constructed,  severe  low- 
flow  conditions  were  so  common  that  locals  often 
used  the  streambed  as  a  roadway.  Most  of  the  tribu- 
tary streams  in  this  area,  including  Big  and  Little  Dry 
creeks,  are  naturally  intermittent  and  flow  primarily 
during  periods  of  high  runoff. 

LEGAL  WATER  AVAILABILITY 
IN  THE  MISSOURI  BASIN 

For  the  Board  to  grant  a  water  reservation. 
It  must  find  that  the  reservation  will  not  adversely 
affect  senior  water  rights.  Although  all  applicants 
claim  that  water  is  physically  available  for  their  res- 
ervations, this  water  may  already  be  appropriated 
under  existing  water  claims,  permits,  or  federal 


Table  4-8.  Middle  Missouri  Subbasin— low-flow  problem  areas 


Stream/tributary 


Stream  reaches  where  low  flows  occur 


Cause  of  low  flows 


Judith  River 

South  Fork  and  North  Fork  to  Big  Springs  Creek 

Irrigation 

South  Fork  Judith  River 

Portions  of  creek 

Natural 

Louse  Creek 

Portions  of  creek 

Irrigation 

McCarthy  Creek 

Portions  of  creek 

Irrigation 

Cottonwood  Creek 

Portions  of  creek 

Natural 

Musselshell  River 

Deadmans  Basin  diversion  to  Musselshell  diversion 

Irrigation 

South  Fork  Musselshell  River 

Headwaters  to  North  Fork  and  below  diversion 

Irrigation 

Cottonwood  Creek 

Loco  Creek  to  mouth 

Irrigation 

Checkerboard  Creek 

East  and  West  forks  to  mouth 

Irrigation 

Spring  Creek 

Portions  of  creek 

Natural 

Big  Elk  Creek 

Lebo  Fork  origin  to  mouth 

Irrigation 

American  Fork  Creek 

South  Fork  to  mouth 

Natural 

Careless  Creek 

Headwaters  to  Roberts  Creek 

Irrigation 

Swimming  Woman  Creek 

Headwaters  to  8  miles  above  mouth 

Irrigation 

Collar  Gulch 

Portions  of  creek 

Irrigation 

Flagstaff  Creek 

Portions  of  creek 

Irrigation 
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reserved  water  rights  that  have  a  priority  date  before 
July  1.  1985. 

Status  of  Water  Right  Claims 

Claims  for  existing  state  water  rights  In  the  Mis- 
souri River  basin  are  summarized  by  use  and  subba- 
stn  In  ^pendlx  A.  Montana  water  law  defines  an 
existing  claim  as  a  water  right  that  was  In  existence 
before  July  1 ,  1973.  Claims  for  each  of  Montana's  85 
subbaslns  will  eventually  be  adjudicated.  Of  these, 
28  subbaslns  lie  within  the  Missouri  River  basin 
above  Fort  Peck  Dam.  Map  4-1  Indicates  the  status 
of  the  adjudication  In  those  28  basins.  The  courts 
have  not  Issued  a  final  decision  or  "Final  decree"  for 
any  of  the  subbaslns  on  Map  4-1. 

Preliminary  decrees  have  been  Issued  in  sub- 
basins  41N  and  40D.  After  the  decree  was  Issued  in 
subbasln  40D.  the  possible  existence  of  federal  re- 
served water  rights  was  discovered.  If  federal  re- 
served rights  are  found  In  40D,  then  the  decree  may 
have  to  be  treated  as  a  temporary  preliminary  decree. 
A  temporary  preliminary  decree  Is  different  from  a 
preliminary  decree  In  that  the  latter  does  not  Involve 
federally  reserved  water  rights. 

Temporary  preliminary  decrees  have  been  issued 
in  1 1  other  subbaslns.  DNRC  Is  examining  claims  In 
three  more  subbaslns.  The  remaining  12  subbaslns 
have  had  little  or  no  activity  related  to  the  adjudica- 
tion, and  most  of  these  basins  will  not  be  examined 
by  DNRC  or  acted  upon  by  the  Water  Court  before 
the  reservation  process  Is  completed. 

Status  of  Water  Right  Permits 

Provisional  water  use  permits  are  water  rights 
Issued  by  DNRC  since  Jufy  1,  1973,  as  summarized 
in  Appendix  A.  In  this  dr^  EIS,  provisional  water 
use  permits  have  been  sorted  Into  two  categories — 
before  and  after  July  1,  1985— the  priority  date  for 
reservations  In  the  Missouri  River  basin. 

Since  1973,  674  provisional  water  use  permits 
have  been  Issued  In  the  Missouri  River  basin  above 
Morony  Dam  at  Great  Falls.  Of  these,  231  are  for 
water  above  Cartyon  Ferry  Dam. 

MPC  and  BUREC  began  objecting  to  DNRC's  Is- 
suance of  new  water  use  permits  above  Morony  Dam 
In  1978,  claiming  that  any  additional  use  would 
adversely  affect  their  existing  water  rights.    This 


matter  came  to  the  forefront  when  DNRC  issued  an 
order  in  1984  granting  a  new  water  use  permit  to 
Don  Brown.  The  DNRC  decision  was  appealed  to  the 
First  Judicial  District  Court  and  reversed  in  June 
1987  (Case  No.  50612,  First  Judicial  District,  Lewis 
and  Clark  County).  The  District  Court  found  that 
DNRC  did  not  have  the  authority  to  reduce  BUREC's 
claimed  right;  onty  the  water  court  could  make  that 
determination.  The  court  order  resulted  In  the  void- 
ance  of  Don  Brown's  permit  as  well  as  all  permits 
Issued  after  Don  Brown's.  Because  of  this  and  in 
order  that  new  water  uses  would  not  be  completely 
stopped  In  the  upper  Missouri  River  basin,  DNRC, 
MPC,  and  BUREC  agreed  to  the  following  stipula- 
tions In  November  1987: 

1.  BUREC  and  MPC  would  petition  the  Water  Court 
for  a  determination  of  their  water  rights  in  the 
upper  Missouri  River  Basin,  and  DNRC  would 
support  such  an  effort.  (It  should  be  noted  that 
the  Water  Court  In  May  1988  turned  down  a  re- 
quest for  a  special  basln-wlde  determination  of 
BUREC  and  MPC  water  rights.) 

2.  DNRC  would  not  appeal  the  district  court  decision 
to  the  Montana  Supreme  Court. 

3.  BUREC  and  MPC  would  continue  to  object  to  new 
water  use  permit  applications  In  the  upper  Mis- 
souri River  Basin,  but  would  not  insist  on  hear- 
ings If  applicants  acquire  water  service  contracts 
from  BUREC  to  use  water  stored  in  Canyon  Feny 
Reservoir. 

4.  ff  applicants  refuse  to  obtain  a  contract  and  insist 
on  hearings  before  DNRC.  DNRC  would  certify  the 
case  to  the  Water  Court  pursuant  to  Montana 
water  law  for  a  determination  of  BUREC's  and 
MPC's  undertying  water  rights. 

Since  1987,  DNRC  has  Issued  70  provisional 
permits  In  the  basin  with  45  of  these  for  water  above 
Canyon  Ferry  Reservoir.  Ten  of  the  70  permits,  which 
are  intended  for  irrigation  use,  resulted  in  the  pvir- 
chase  of  temporary  water  service  contracts  from 
BUREC  after  objections  were  received  from  MPC. 
Sixty  permits  were  for  nonconsiomptlve  uses  such  as 
mining,  power  generation,  and  fisheries  and  wildlife 
purposes  and  were  not  objected  to  by  MPC.  The  75 
remalrilng  applications  for  provisional  water  use  per- 
mits are  pending  because  objections  have  been  filed 
by  MPC  and  the  applicants  have  chosen  not  to  ac- 
quire water-service  contracts. 
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In  Aprtl  1989,  DHES  Informed  BUREC  that  the 
issuance  of  a  water  service  contract  for  a  consump- 
tive use  would  violate  existing  water  quality  stan- 
dards for  arsenic.  Because  of  this,  BUREC  plans  to 
prepare  an  EIS  on  marketing  water  for  consumptive 
uses  from  Canyon  Ferry  Reservoir  over  the  next  few 
years.  Until  the  EIS  Is  completed,  BUREC  Is  Inform- 
ing each  potential  applicant  that  It  must  pay  the 
cost(s)  for  preparing  an  environmental  review  to  de- 
termine any  effect  the  project  may  have  on  arsenic 
concentrations  In  the  Missouri  River.  BUREC  esti- 
mated that  the  cost  for  each  assessment  would  prob- 
ably exceed  $  10.000.  Since  April  1 989,  no  consump- 
tive use  permit  or  water  service  contract  has  been 
issued. 

MFC'S  Water  Right  Claims 

Fifteen  to  20  percent  of  MFC's  total  electrical 
power  generation  capacity  is  produced  at  its  seven 


Missouri  River  main-stem  reservoirs — Hauser, 
Holter,  Black  E^gle,  Rainbow,  Cochrane,  I^ran,  and 
Morony.  MFC  has  claimed  water  rights  for  each  of 
these  facilities  based  on  flows  needed  to  operate  Its 
hydropower  turbines.  These  claims  are  summarized 
In  Table  4-9. 

If  these  water  rights  are  adjudicated  as  claimed, 
water  available  for  future  consumptive  uses  would 
be  severely  limited.  Using  the  Missouri  River  water 
availability  model  explained  in  Appendix  C,  MFC's 
claimed  water  rights  for  operating  Its  turbines  were 
subtracted  from  the  baseline  flow  condition  (a  1986 
level  of  development  with  Canyon  Ferry  in  place  for 
the  period  of  record  is  assumed).  Results  for  MFC's 
seven  main  stem  facilities  are  in  Table  4-10.  Water 
would  be  available  for  future  consumptive  uses 
upstream  of  Holter  Dam  In  fewer  than  5  years  In  10 
and  only  during  March,  April,  May,  June,  and  July. 
Cochrane  Dam  with  Its  claim  of  10.000  cfs  could 


Table  4-9.  Summary  of  major  MPC  claims  in  the  Missouri  basin 


PLACE  OF 

TYPE  OF 

AMOUNT 

PRIORITY 

USE 

SOURCE 

USE 

(cfs) 

(at) 

DATE 

Hebgen  Dam 

Madison  River 

Storage 

2,000 

4/30/1 906 

Hebgen  Dam 

Madison  River 

Storage 

6,000 

4/30/1 906 

Hebgen  Dam 

Madison  River 

Storage 

186,699 

6/1/1914 

Madison  Dam 

Madison  River 

Power  generation 

1.650 

1,127,120 

8/24/1895 

Madison  Dam 

Madison  River 

Storage 

19.720 

8/24/1895 

Holter  Dam 

Missouri  River 

Power  generation 

7,100 

5,183,000 

4/30/1918 

Holter  Dam 

Missouri  River 

Storage 

41 ,300 

4/30/1918 

Canyon  Ferry  Dam 

Missouri  River 

Storage 

23,980 

10/31/1898 

Hauser  Dam 

Missouri  River 

Power  generation 

4,740 

3,493,000 

6/23/1 905 

Hauser  Dam 

Missouri  River 

Storage 

3,380 

6/23/1 905 

Hauser  Dam 

Missouri  River 

Storage 

8,120 

8/25/1 906 

Hauser  Dam 

Missouri  River 

Storage 

3,000 

8/27/1 906 

Hauser  Dam 

Missouri  River 

Storage 

19,100 

8/28/1 907 

Black  Eagle  Dam 

Missouri  River 

Power  generation 

3,300 

2,409,000 

6/1/1892 

Black  Eagle  Dam 

Missouri  River 

Power  generation 

900 

657,000 

12/31/1893 

Black  Eagle  Dam 

Missouri  River 

Power  generation 

280 

204,400 

12/31/1912 

Black  Eagle  Dam 

Missouri  River 

Power  generation 

560 

408,800 

8/31/1927 

Black  Eagle  Dam 

Missouri  River 

Storage 

862 

8/31/1927 

Rainbow  Dam 

Missouri  River 

Power  generation 

3,500 

2,555,000 

9/16/1908 

Rainbow  Dam 

Missouri  River 

Storage 

532 

9/16/1908 

Rainbow  Dam 

Missouri  River 

Power  generation 

1,640 

1.197,200 

7/1/1917 

Rainbow  Dam 

Missouri  River 

Power  generation 

480 

292,000 

3/26/1 958 

Cochrane  Dam 

Missouri  River 

Power  generation 

10,000 

7,300.000 

6/16/1955 

Cochrane  Dam 

Missouri  River 

Storage 

2,961 

6/16/1955 

Ryan  Dam 

Missouri  River 

Power  generation 

5,900 

4,307.000 

8/31/1915 

Ryan  Dam 

Missouri  River 

Storage 

1,407 

8/31/1915 

Morony  Dam 

Missouri  River 

Power  generation 

8,280 

6.044.400 

12/20/1928 

Morony  Dam 

Missouri  River 

Storage 

3,981 

12/20/1928 

Source:  DNRC  Water  Rights  Records 
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Table  4-10.  Missouri  River  fiows  (cfs)  remaining  after  subtracting  MPC  water  right  claims 


KiPC 

MONTHLY  FLOWS 

FACIUTY 

OCT 

NOV 

DEC 

JAN 

FEB 

lyiAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Hauser 

Average 

0 

0 

0 

0 

0 

644 

1032 

1397 

1229 

113 

0 

0 

368 

Dam 

10th% 

//3 

846 

1107 

1133 

1261 

3370 

4089 

4663 

4404 

2933 

676 

751 

2167 

20th  % 

672 

702 

847 

620 

895 

2072 

2631 

3219 

2933 

1568 

0 

0 

1347 

50th  % 

79 

26 

123 

0 

0 

662 

1063 

1516 

1288 

0 

0 

0 

396 

80th  % 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th  % 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Holter 

Average 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Dam 

10th% 

0 

0 

0 

0 

0 

956 

1469 

2422 

2507 

912 

0 

0 

689 

20th  % 

0 

0 

0 

0 

0 

0 

286 

1284 

1410 

0 

0 

0 

248 

50th  % 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th  % 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th  % 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Black  Eagle 

Average 

2407 

2199 

2128 

1737 

2038 

3310 

4245 

7098 

7800 

3286 

1254 

1389 

3241 

Dam 

10th% 

3815 

3887 

3493 

3754 

3944 

6204 

7419  12487 

14062 

7534 

3531 

3310 

6120 

20th  % 

3383 

3301 

3085 

3255 

3440 

5214 

6089 

9834 

10613 

5880 

2612 

2576 

4940 

50th  % 

2476 

2116 

2266 

1593 

1764 

3268 

4119 

6731 

6965 

2489 

651 

930 

2947 

80th  % 

1161 

1137 

1297 

368 

457 

723 

1932 

3360 

3198 

206 

0 

283 

1177 

90th  % 

499 

155 

215 

0 

56 

336 

608 

2438 

1562 

0 

0 

23 

491 

Rainbow 

Average 

2207 

1999 

1928 

1537 

1838 

3110 

4045 

6898 

7600 

3086 

1054 

1189 

3041 

Dam 

10th% 

3615 

3687 

3293 

3554 

3744 

6004 

7219  12287 

13862 

7334 

3331 

3110 

5920 

20th  % 

3183 

3101 

2885 

3055 

3240 

5014 

5889 

9634 

10413 

5680 

2412 

2376 

4740 

50th  % 

2276 

1916 

2066 

1393 

1564 

3068 

3919 

6531 

6765 

2289 

451 

730 

2747 

80th  % 

961 

937 

1097 

168 

257 

523 

1732 

3160 

2998 

6 

0 

83 

994 

90th  % 

299 

0 

15 

0 

0 

136 

408 

2238 

1362 

0 

0 

0 

372 

Cochrane 

Average 

0 

0 

0 

0 

0 

0 

0 

398 

1100 

0 

0 

0 

125 

Dam 

10th% 

0 

0 

0 

0 

0 

0 

719 

5787 

7362 

834 

0 

0 

1225 

20th  % 

0 

0 

0 

0 

0 

0 

0 

3134 

3913 

0 

0 

0 

587 

50th  % 

0 

0 

0 

0 

0 

0 

0 

31 

265 

0 

0 

0 

25 

80th  % 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th  % 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

IRyan 

Average 

157 

0 

0 

0 

0 

1060 

1995 

4848 

5550 

1036 

0 

0 

1221 

Dam 

10th% 

1565 

1637 

1243 

1504 

1694 

3954 

5169  10237 

11812 

5284 

1281 

1060 

3870 

20th  % 

1133 

1051 

835 

1005 

1190 

2964 

3839 

7584 

8363 

3630 

362 

326 

2690 

50th  % 

226 

0 

16 

0 

0 

1018 

1869 

4481 

4715 

239 

0 

0 

1047 

80th  % 

0 

0 

0 

0 

0 

0 

0 

1110 

948 

0 

0 

0 

172 

90th  % 

0 

0 

0 

0 

0 

0 

0 

188 

0 

0 

0 

0 

16 

Morony 

Average 

0 

0 

0 

0 

0 

0 

0 

2468 

3170 

0 

0 

0 

470 

Dam 

10th% 

0 

0 

0 

0 

0 

1574 

2789 

7857 

9432 

2904 

0 

0 

2046 

2ah  % 

0 

0 

0 

0 

0 

584 

1459 

5204 

5983 

1250 

0 

0 

1207 

50th  % 

0 

0 

0 

0 

0 

0 

0 

2101 

2335 

0 

0 

0 

370 

80th  % 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th  % 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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place  the  greatest  constraint  on  water  availability. 
Upstream  from  Cochrane  Dam,  water  would  not 
be  available  from  August  through  March,  and  would 
be  available  in  only  about  one  year  In  ten  dtirlng  April 
through  July  and  about  five  years  In  ten  during  May 
and  June. 

BUREC's  Water  Right  Claims 

BUREC  operates  six  major  storage  and  hydro- 
electric dams  in  the  basin.  Water  right  claims  for 
these  facilities  are  summarized  in  Table  4-11. 
BUREC  supplies  stored  water  to  agricultural,  mu- 
nicipal, and  industrial  users  by  means  of  water  ser- 
vice contracts  and  also  contracts  for  the  release  of 


water  to  MPC.  BUREC  and  DFWP  have  informal 
agreements  to  coordinate  operations  of  Clark  Can- 
yon, Canyon  Ferry,  and  Tiber  dams  to  benefit  reser- 
voir and  stream  fisheries,  wildlife,  and  recreation 
(Spence  1990). 

Canyon  Ferry 

The  Missouri  River  basin  upstream  from  Fort 
Peck  Dam  has  experienced  periodic  water  shortages 
over  the  past  60  years.  In  the  1930s,  Montana  water 
users  became  aware  of  the  need  for  additional  stor- 
age in  the  Missouri  River  Basin.  This  need  was 
highlighted  in  1942  when  MPC  brought  suit  against 
the  Broadwater-Missouri  Water  Users  Association 
complaining  that  new  irrigation  development  would 


Table  4-1 1 .  Summary  of  major  BUREC  claims  In  the  Missouri  basin 


PLACE  OF 

TYPE  OF 

AMOUNT 

PRIORITY 

USE 

SOURCE 

USE 

(cfs) 

(af) 

DATE 

Canyon  Ferry  Dam^ 

Missouri  River 

Power  generation 

6,390 

4,027,060 

10/31/1898 

Canyon  Ferry  Dam 

Missouri  River 

Power  generation 

5,100 

3,692,229 

10/31/1898 

Canyon  Ferry  Dam 

Missouri  River 

Power  generation 

1,290 

334,831 

5/24/1949 

Canyon  Ferry  Dam 

Missouri  River 

Storage 

29,055" 

1 ,946,624 

- 

Canyon  Ferry  Dam 

Missouri  River 

Irrigation 

1,045 

108,675 

5/24/1949 

Canyon  Ferry  Dam 

Missouri  River 

Flood  control 

29,055 

903,400 

5/24/1949 

Canyon  Ferry  Dam 

Missouri  River 

Municipal 

29,055 

5,727 

5/24/1949 

Canyon  Ferry  Dam 

Missouri  River 

Storage 

29,055 

1 ,946,624 

5/24/1949 

Canyon  Ferry  Dam 

Missouri  River 

River  regulation 

29,055 

1 ,946,624 

5/24/1949 

Canyon  Ferry  Dam 

Missouri  River 

Fish  and  wildlife 

29,055 

1 ,946.624 

5/27/1953 

Canyon  Ferry  Dam 

Missouri  River 

Recreation 

29,055 

1 ,946,624 

5/27/1953 

Tiber  Dam 

Marias  River 

irrigation 

81 

9,567 

8/21/1952 

Tiber  Dam 

Marias  River 

Storage,  future  use 

153,000 

967,320 

8/21/1952 

Tiber  Dam 

Marias  River 

Flood  control 

153,000 

709,139 

8/21/1952 

Tiber  Dam 

Marias  River 

Fish  and  wildlife 

153,000 

967,320 

9/15/1952 

Tiber  Dam 

Marias  River 

Recreation 

153,000 

967,320 

9/15/1952 

Pishl<un  Reservoir 

Sun  River 

Irrigation 

1,512 

369,579 

5/25/1905 

Pishkun  Reservoir 

Sun  River 

Fish  and  wildlife 

1,512 

46,670 

4/2/1921 

Pishkun  Reservoir 

Sun  River 

Recreation 

1,512 

46,670 

4/2/1921 

Willow  Creek  Res. 

Sun  River/Willow  Ck. 

Irrigation 

6,200 

32,300 

5/25/1905 

Willow  Creek  Res. 

Sun  River/Willow  Ck. 

Fish  and  wildlife 

6,200 

32,300 

5/25/1905 

Willow  Creek  Res. 

Sun  River/Willow  Ck. 

Recreation 

6,200 

32,300 

11/7/1911 

Gibson  Reservoir 

Sun  River 

Irrigation 

60,000 

99,058 

11/6/1917 

Gibson  Reservoir 

Sun  River 

Fish  and  wildlife 

60,000 

99,058 

12/31/1929 

Gibson  Reservoir 

Sun  River 

-Recreation 

60,000 

99,058 

12/31/1929 

Clark  Canyon  Res. 

Beaverhead  River 

Irrigation 

2,800 

178,062 

2/21/1961 

Clark  Canyon  Res. 

Beaverhead  River 

Flood  control 

2,800 

129,526 

2/21/1961 

Clark  Canyon  Res. 

Beaverhead  River 

Fish  and  wildlife 

2,800 

257,152 

8/28/1964 

Clark  Canyon  Res. 

Beaverhead  River 

Recreation 

2,800 

257.152 

8/28/1964 

■  MPC  Claim  Recognized 

^  Maximum  rate  of  inflow 

Source:  DNRC  Water  Rights 

Records 

" 
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adversely  affect  Its  hydropower  water  rights.  The 
cotirt  concluded  that  MPC  had  water  rights  equal  to 
the  maximum  discharge  of  its  hydropower  turbines. 
However,  the  appellate  court  dismissed  the  case  on 
Jurisdictional  grounds,  and,  therefore,  the  lower 
court's  determination  has  no  legal  significance.  How- 
ever, MPC  has  cited  the  finding  of  the  lower  court  as 
evidence  to  support  its  hydropower  water  right  claims. 

This  lack  of  water  for  future  consumptive  use  was 
the  primary  reason  for  BUREC,  MPC,  and  the  Mon- 
tana Water  Board  to  study  and  then  to  seek  Congres- 
sional authorization  and  finalty  construction  of  Can- 
yon Ferry  Dam.  This  project  submerged  Lake  Sewell, 
a  much  smaller  storage  and  hydropower  project  that 
was  constructed  in  1896  and  bought  by  MPC  which 
operated  it  firom  1912  to  1949. 

Development  and  funding  of  Canyon  Ferry  Reser- 
voir and  dam  were  obtained  fi-om  the  U.S.  Congress 
through  the  Pick-Sloan  Missouri  River  Basin  Pro- 
gram in  1949.  That  same  year  BUREC  bought  the 
Lake  Sewell  project  from  MPC.  The  Justification  for 
Canyon  Ferry  was  the  need  to  satisfy  the  existing 
hydroelectric  water  rights  of  MPC,  while  at  the  same 
time  providing  water  for  new  irrigation  development. 

Construction  of  Canyon  Ferry  Reservoir  and  dam 
began  in  1951  and  was  completed  In  1953.  Hydro- 
electric generation  at  the  50-megawatt  facility  began 
In  1955.  Canyon  Ferry  Reservoir  was  authorized  to 
provide  water  for  multiple  purposes  including  irriga- 
tion, flood  control,  hydropower,  municipalities,  in- 
dustry, fish  and  wildlife,  and  recreation.  Water  cap- 
tured during  spring  runofl"  was  to  be  released  from 
storage  to  satisfy  MPC's  existing  water  rights,  while 
providing  a  reliable  suppfy  of  water  for  future  Irriga- 
tion and  other  consumptive  uses  both  upstream  and 
downstream.  E>en  though  over  430,000  acres  of  new 
irrigation  projects  were  inltialty  proposed  for  develop- 
ment using  Canyon  Ferry  storage,  only  three  projects 
(Helena  Valley  Irrigation  District,  the  Crow  Creek 
Pumping  Unit,  and  the  East  Bench  Irrigation  District) 
were  built,  totaling  71.000  acres.  In  1959,  BUREC 
began  suppfylng  water  to  the  Helena  Valley  Unit  for 
irrigation.  Following  devastating  floods  In  1964  and 
1965,  the  U.S.  Amty  Corps  of  Engineers  was  allotted 
the  top  3  feet  of  the  reservoir  exclusively  for  flood 
control. 

BUREC  has  claimed  water  rights  for  power  gen- 
eration (direct  flow  and  storage  rights),  irrigation, 
flood  control,  municipal,  fish  and  wildlife,  recreation, 
storage  for  future  use  or  sale,  and  river  regulation  for 
power  generation  at  Canyon  Ferry  and  MPC's  down- 


stream power  plants.  BUREC's  claimed  water  right 
for  hydropower  generation  Is  6.390  cfs,  which  Is  based 
on  5.100  cfs  from  MPC's  original  1898  Lake  Sewell 
water  right  and  an  additional  1,290  cfs  to  meet  the 
capacity  of  its  hydropower  turbines.  Helena  Valley 
Irrigation  District  has  claimed  an  additional  800  cfs 
which  runs  through  a  separate  penstock  at  Canyon 
Ferry:  420  cfs  of  this  total  goes  through  a  turbine  to 
generate  electricity  to  run  the  pump  that  diverts  380 
cfs  to  the  Helena  Valley  Irrigation  Project.  It  is  quite 
common  for  flows  through  the  Canyon  Ferry  turbines 
to  exceed  6,000  cfs  when  water  is  available.  In  recent 
years  ( 1 985- 1 99 1) ,  water  has  spilled  over  the  spillway 
without  generating  electricity  only  once,  and  that  was 
for  a  two-week  period  in  1986. 

When  the  Canyon  Ferry  site  was  transferred  to 
public  ownership  In  1949,  MPC  retained  a  claimed 
water  right  (priority  date  of  October  1889)  to  47,500 
af/y  and  5, 100  cfs  of  river  water.  BUREC  agreed  to  let 
a  fairly  constant  5,000  cfs  pass  through  the  dam  so 
that  MPC's  downstream  power  plants  would  have  a 
reliable  source  of  water.  In  practice,  however,  this 
release  is  rather  flexible  depending  on  water  supply 
and  day-to-day  operations.  MPC  pays  BUREC  "head- 
water benefits"  for  releases  from  storage  that  allow 
MPC  to  generate  more  hydroelectric  power  than  it 
coirld  have  before  Canyon  Ferry  was  built.  In  1972, 
the  Agreement  for  Coordination  of  Hydroelectric  Op- 
eration between  BUREC  and  MPC  was  signed.  MPC 
and  BUREC  agreed  that  flows  from  the  reservoirs  and 
hydroelectric  generation  must  be  coordinated  to 
achieve  optimum  power  production  from  both  sys- 
tems at  all  times. 

MPC  Is  one  of  the  primary  beneficiaries  from  Can- 
yon Ferry  storage.  Using  its  Missouri  River  Water 
Availability  Model,  DNRC  estimated  the  amount  of 
power  MPC  could  generate  at  different  levels  of  irriga- 
tion development.  DNRC  assumed  that  MPC  would 
operate  Hebgen  Reservoir  as  it  currently  does  (in- 
stead of  operating  as  It  did  before  Canyon  Ferry  was 
constructed)  and  also  disregarded  the  effects  of  Lake 
Sewell  (MPC's  facility  that  was  inundated  by  Canyon 
Ferry).  Based  on  these  assumptions,  DNRC  esti- 
mated MPC's  average  hydroelectric  generation  at  the 
1955  level  of  Irrigation  development  with  and  without 
Canyon  Ferry.  These  estimates  are  summarized  in 
Table  4-12.  The  results  show  that  on  the  average 
MPC  armually  generates  106  Gigawatt-hours  or  5.6 
percent  more  energy  with  Canyon  Ferry  reservoir  than 
without  It.  Most  of  this  additional  energy  is  produced 
during  December.  January.  February.  March, 
August,  and  September  with  decreases  occurring  in 
May  and  June.    At  the  1986  level  of  development. 


61 


Table  4-12.  Headwaters  benefits  to  MFC's  seven  mainstem  facilities  from  Canyon  Ferry  Reservoir  (annual  GWh) 

Column  A 

ColuinnB 

Column  C 

Column  D               Column  E 

Headwater               Headwater 

Benefits                  Benefite 

Power  Loss 
Between 

Frequency  of 

1955100" 

1955  LOD 

1986  LOD 

at  1955  LOD              at  1986  LOD 

1955  and  1986 

Occurence* 

Pre-CF^ 

Post-CF 

Post-CF 

(Column  B-ColumnA)  (Column  C<:olumn 

A)  (Column  D-ColumnE) 

1  year  in  10 

2,177 

2,337 

2,334 

160                      157 

3 

2  years  in  10 

2,145 

2.291 

2.260 

146                         115 

21 

5  years  in  1 0 

1.918 

2,024 

2.002 

106                         84 

22 

8  years  in  1 0 

1.612 

1.631 

1.611 

19                          -1 

20 

9  years  in  1 0 

1.469 

1.476 

1.444 

7                        -25 

32 

Average  annual 

1.884 

1.990 

1.968 

106                       84 

22 

*      From  highest  to  lowest  energy-producing  years 

"      LOD  -  Level  of  irrigation  development 

<=       CF  -  Canyon  Feny 

MPC  still  produces  on  average  of  84  Gigawatt-hours 
per  year  or  4.3  percent  more  electricity  than  It  would 
have  produced  without  Canyon  Ferry  (Table  4-12). 
Irrigation  and  other  water  use  developments  between 
1955  and  1 986  have  decreased  headwater  benefits  to 
MPC  an  average  of  22  Gigawatt-hours  or  21  percent 
annually.  The  results  also  suggest  that  in  the  two 
low-power  years  in  ten.  MPC  may  not  receive  head- 
waters benefits  from  Canyon  Ferry  storage  at  the 
1986  level  of  development. 

According  to  BUREC,  stored  water  that  is  cur- 
rently sold  to  MPC  Is  available  for  appropriation 
through  a  water  service  contract  with  BUREC  since 
the  authorization  for  Canjron  Ferry  is  to  maintain 
MPC's  power  production  at  levels  that  existed  before 
Canyon  Ferry  while  providing  enough  water  for  fu- 
ture consumptive  uses. 

BUREC  insists  that  Canyon  Ferry  Reservoir  must 
be  filled  each  year  to  contain  carry-over  storage  to 
meet  all  demands  during  a  4-year  critical  period. 
This  critical  period  Is  based  on  the  four  worst  con- 
secutive drought  years  that  occurred  in  the  1930s. 
EVen  with  these  reservoir  operational  criteria,  the 
drought  of  the  late  1980s  caused  the  reservoir  to  drop 
23  feet  below  full  pool.  A  recent  study  by  Deluca 
(1987)  was  designed  to  ascertain  whether  Canyon 
Feny  reservoir  operations  could  be  modified  to  allow 
for  more  upstream  irrigation  development  without 
reducing  electric  energy  production  and  without  ad- 
versely affecting  recreation,  fish,  and  wildlife  within 
the  reservoir.  The  results  suggest  that  new  irrigation 
could  occur  with  only  a  slight  decrease  in  power 
production,  but  that  the  risk  of  lowering  the  reservoir 


level  may  not  be  acceptable  for  recreation,  fish,  and 
wildlife  purposes.  DNRC's  assessment  of  the  pro- 
posed actions  described  in  Chapter  6  Is  based  In  part 
on  hypothetical  modifications  to  the  operation  of  Can- 
yon Ferry  Reservoir. 

fviuRPHY  Rights 

In  1969,  the  Montana  Legislature  authorized 
DFWP  to  fUe  for  instream  or  Murphy  rights  (named 
after  James  Murphy,  a  legislator  who  sponsored  the 
bill)  to  protect  flows  on  blue  ribbon  trout  streams  for 
fish  and  wildlife  habitat.  DFWP  filed  on  six  streams 
in  the  Missouri  basin  as  summarized  in  Table  4-13. 
Like  other  pre- 1973  claims.  Murphy  rights  are  un- 
dergoing review  in  the  adjudication  process.  The 
District  Court  can  reallocate  these  Instream  rights  if 
it  determines  that  the  new  use  is  more  beneficial  to 
the  public.  Because  of  this.  Murphy  rights  may  or 
may  not  affect  water  availability  for  future  consump- 
tive uses. 

Other  Major  Claims 

DNRC  and  a  number  of  private  groups  operate 
reservoirs  in  the  basin,  primarily  to  store  water  for 
irrigation.  Table  4-14  provides  a  summary  of  such 
reservoirs  storing  5,000  acre-feet  or  more.  These 
reservoirs  have  water  rights  senior  to  reservations. 

Fort  peck  Reservoir 

The  U.S.  Army  Corps  of  Engineers  has  water  right 
claims  associated  with  the  operations  of  Fort  Peck 
Reservoir.    Based  on  the  maximum  power  plant 
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Table  4-13.  Summary  of  DFWP  "Murphy  rights"  in  the 
Missouri  basin 


AMOUNT 

STREAItX 

REACH 

DATES 

(cfs) 

Madison  River 

Hek)gen  Dam  to 

4/1-7/31 

50 

Quake  Lake 

8/1  -3/31 

500 

Madison  River 

Quake  Lake  to 
mouth  of  West  Fork 

1/1-12/31 

500 

Madison  River 

Mouth  of  West  Fork 

1/1-5/31 

900 

to  Ennis  Lake 

6/1-7/15 

1400 

7/16-12/31 

1050 

Madison  River 

Ennis  Lake  to 

1/1-5/31 

1200 

mouth 

6/1-6/30 

1500 

7/1-7/15 

1423 

7/16-12/31 

1300 

West  Gallatin 

Yellowstone  Park 

5/16-7/15 

800 

River 

to  Gallatin  Gateway 

7/16-5/15 

400 

Gallatin  River 

Mouth  to  junction 

5/1 -5/1 5 

947 

with  East  Gallatin 

5/1 6-5/31 

1278 

River 

6/1-6/15 

1500 

6/1 6-6/30 

1176 

7/1-8/31 

850 

9/1  -4/30 

800 

Missouri  River 

Toston  Dam  to 

1/1-1/31 

1500 

Canyon  Ferry 

2/1-5/15 

3000 

Reservoir 

5/1 6-6/30 

4000 

7/1-7/15 

3816 

7/16-9/14 

1500 

9/15-12/31 

3000 

Smith  River 

Fort  Logan  Bridge  to 

5/1  -6/30 

150 

confluence  of 

7/1  -4/30 

90 

Sheep  Creek 

Smith  River 

Confluence  of  Sheep 

4/1  -4/30 

140 

Creek  to  Cascade- 

5/1-6/30 

150 

Meagher  county  line 

7/1-8/31 

140 

9/1  -3/31 

125 

Smith  River 

Cascade-Meagher 

5/1 -5/1 5 

372 

county  line  to 

5/16-6/15 

400 

confluence  of 

6/1 6-6/30 

398 

Hound  Creek 

7/1-4/30 

150 

Big  Spring 

State  Fish  Hatchery 

1/1-12/31 

110 

Creel< 

to  mouth  of 
Cottonwood  Creek 

Source;  DNRC  Water  Rights  Records 


capacity  of  16,000  cfs  and  the  average  daily  outflow 
between  1967  and  1990,  the  reservoir  has  only  ex- 
ceeded this  capacity  in  six  months  during  the  24- 
year  period.  This  indicates  that  Fort  Peck  rarely 
spills  water,  and  almost  all  of  it  is  used  to  generate 
hydroelectricity.  A  preliminary  decree  has  been  is- 
sued for  the  basin  in  the  vicinity  of  Fort  Peck  Dam 
and  Reservoir,  which  lists  the  corps'  right  as 
1 1,700,000  af/yr  at  a  rate  of  20,000  cfs  for  power 
generation.  The  nature  and  extent  of  this  right  will 
not  be  determined  untU  after  the  water  court  Issues 
a  final  decree.  This  claim  may  have  major  ramifica- 
tions on  upstream  water  availability.  Under  the  1 944 
Flood  Control  Act,  it  is  not  known  whether  these 
claims  for  hydropower  would  limit  new  irrigation 
development. 

Federal  Reserved  Rights 

The  federal  government  and  Indian  tribes  claim 
reserved  water  in  the  basin  for  consumptive  and 
instream  uses.  Reserved  water  rights  are  usually 
resolved  either  by  a  compact  between  state  and  tribe 
or  federal  agency,  or  through  litigation.  To  date,  the 
only  federal  reserved  claims  that  have  been  resolved 
In  the  Missouri  basin  are  those  on  the  Fort  Peck 
Indian  Reservation. 

Indian  Tribes 

In  1908.  the  U.S.  Supreme  Court  recognized  re- 
served water  rights  for  tribes  on  Indian  reservations. 
Winters  v.  United  States.  207  U.S.  564,  28  S.  CT. 
207.  52  L.Ed  340  (1908).  Map  4-2  shows  Indian 
reservations  where  reserved  rights  have  been 
claimed.  Several  tribes  claim  unspecified  quantities 
of  water  in  the  basin  for  "aboriginal  rights"  viath  a 
priority  dating  from  "time  immemorial."  Board  of 
Control  of  Flathead  Irr.  P.  V..Et  Al..  United  States. 
832  F.2d  1127,  1131  (9th  Cir.  1987).  The  following 
is  a  summary  of  claimed  reserved  water  rights  by 
Indian  tribes  in  the  basin  and  their  status. 

Blackfeet 

The  Blackfeet  Reservation  Is  located  In  the  north- 
western portion  of  the  basin  and  includes  areas 
drained  by  the  Two  Medicine  River  and  Badger,  Birch, 
Blacktall,  and  Cut  Bank  creeks.  The  Blackfeet  Tribe 
has  fQed  claims  with  the  state  for  existing  water  uses 
which  are  summarized  by  drainage  basin  in  Table  4- 
15.  The  tribe  also  has  claimed  "all  waters  arising 
upon,  flowing  by,  through,  or  under  the  Reservation" 
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Map  4-Z  Locations  of  Montana  Indian  reservations 


and  "all  approprlatlve  water  rights  previously  ac- 
quired, and/or  water  rights  appurtenant  to  lands, 
owned  by  allottees  and  all  tribal  members  who  have 
an  interest  in  lands  within  the  Blackfeet  Indian  Res- 
ervation." The  priority  date  claimed  for  Blackfeet 
water  rights  is  May  1,  1888,  the  date  the  Blackfeet 
Reservation  was  created. 


Table  4-15.  Summary  of  major  claims  by  tfie 
Blacl<feet  Tribe  In  the  Missouri  basin 


TYPE  OF 

AMOUNT 

SOURCE 

USE 

(cfs) 

(at) 

Cut  Bank  Creek 

Irrigation 

1.350 

572,022 

Badger  Creek 

Irrigatkjn 

234 

100,000 

Birch  Creek 

Irrigation 

700 

296.604 

Blacktail  Creek 

Irrigation 

500 

211.860 

Two  Medicine  River 

Irrigatbn 

1,000 

433,720 

Guardipee  Reservoir 

Irrigatran 

- 

70.000 

Lower  Two  Medicine  River 

Irrigation 

- 

100,000 

Spring  Lake 

Irrigation 

117 

50,000 

Middle  Two  Medicine  River 

Irrigation 

395 

167,686 

The  Blackfeet  Tribe  wiU  probably  not  negotiate 
the  extent  of  their  reserved  water  rights  with  the 
State  of  Montana  Reserved  Water  Rights  Compact 
Commission.  Therefore,  it  is  likely  that  their  rights 
wUl  be  quantified  in  court.  It  is  unlikely  that  reserved 
water  rights  of  the  tribe  will  be  settled  before  the 
Board  acts  on  the  proposed  water  reservations. 
These  claimed  rights  could  have  a  significant  effect 
on  water  availability  in  the  Marias  drainage  above 
Tiber  Reservoir. 

Fort  Belknap 

Most  of  the  Fort  Belknap  Indian  Reservation  lies 
within  the  Milk  River  basin;  onfy  a  small  portion  of  it  Is 
within  the  area  being  addressed  in  this  draft  EIS.  The 
tribe  filed  claims  for  some  water  in  the  Milk  basin,  and 
the  State  of  Montana  Reserved  Water  Rights  Compact 
Commission  and  Tribes  of  the  Fort  Belknap  Reservation 
are  currently  negotiating  the  quantification  of  these 
rights.  It  is  unlikely  that  these  negotiations  will  be 
completed  before  the  water  reservation  applications  are 
acted  on  by  the  Board.  The  date  the  Fort  Belknap 
Reservation  was  formed  and  priority  date  claimed  for 
airy  associated  reserved  water  rights  is  M^  1,  1888. 


Source:  ONRC  Water  Rights  Records 
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Effects  on  legal  water  availability  in  the  basin  upstream 
&xjm  Fort  Peck  Dam  probabfy  wlH  be  minor. 

Turtle  Mountain 

The  Tiulle  Mountain  Indian  Reservation  Is  lo- 
cated In  North  Dakota.  Pursuant  to  an  agreement 
between  the  Tribes  of  the  reservation  and  the  federal 
government  In  1892  and  the  agreement's  subsequent 
ratification  In  1904,  parcels  of  land  scattered 
throughout  the  Dakotas  and  Montana  were  held  in 
trust  for  individual  Turtle  Mountain  tribal  members. 
No  negotiations  are  under  way  regarding  reserved 
rights  for  these  parcels.  Reserved  rights  for  these 
parcels  could  have  local  effects  on  legal  water  avail- 
ability, and  1 ,  120  acres  of  this  land  is  located  within 
irrigation  projects  proposed  by  the  applicants  In  the 
Marias/Teton  drainage. 

Fort  Peck  reservation 

The  Fort  Peck  Reservation  Is  located  north  of  the 
Missouri  River  downstream  from  Fort  Peck  Dam.  A 
compact  was  negotiated  in  1985  between  the  tribes 
of  the  Fort  Peck  Reservation  and  the  Montana  Re- 
served Water  Rights  Compact  Commission  allowing 
the  tribes  to  divert  950.000  acre  feet  per  year  from 
reservation  surface  water  sources,  primarily  the  Mis- 
souri River.  Maximvim  rates  of  diversion  from  the 
Missouri  River  are  as  follows: 


Jan. 

-     650  cfs 

July 

-  3.497  cfs 

Feb. 

-     720  cfs 

Aug. 

-  2,928  cfs 

Mar. 

-     650  cfs 

Sept. 

-  1,765  cfs 

Apr. 

-     840  cfs 

Oct. 

-     813  cfs 

May 

-  1,708  cfs 

Nov. 

-      672  cfs 

June 

-  2,437  cfs 

Dec. 

-      650  cfs 

The  Fort  Peck  Reservation  was  formed  on  May  1 , 
1888,  which  is  the  priority  date  for  these  compacted 
rights.  The  diversion  schedule  In  the  compact  was 
developed  with  the  cooperation  of  the  U.S.  Army 
Corps  of  Engineers  and  reflects  the  past  operation  of 
the  Missouri  River  system.  These  rights  have  the 
potential  to  affect  development  of  water  upstream 
because  they  are  large  and  have  an  early  priority 
date. 

Other  Tribal  Claims 

The  Blackfeet,  Chlppewa-Cree,  Asslnlboine-Gros 
Ventre,  Sioiax,  Northern  Cheyenne,  and  Crow  Indian 
tribes  have  claimed  "all  those  waters  in  the  state  of 
Montana  necessaty  for  those  aboriginal  rights  recog- 
nized and  guaranteed  pursuant  to  various  treaties."  A 
similar  claim  by  the  Confederated  SaUsh  and  Kootenai 
Tribes  is  for  "all  those  waters  in  the  State  of  Montana 


necessaty  for  the  protection  of  those  aboriginal  rights 
recognized  and  guaranteed  pursuant  to  the  treaty  of 
Hellgate,  Montana,  July  16, 1855."  It  is  not  known  how 
or  when  such  aboriginal  claims  wIQ  be  resolved  or  how 
these  claims  may  affect  water  availability. 

Federal  Agencies 

U.S.  Forest  Service 

National  forests  within  the  area  being  considered 
In  this  EIS  Include  the  Beaverhead,  Deerlodge, 
Gallatin,  Helena,  Lewis  and  Clark,  and  Flathead. 
USFS  is  negotiating  with  the  Reserved  Water  Rights 
Compact  Commission  and  asserts  instream  rights 
on  a  large  number  of  streams  for  watershed  protec- 
tion. Such  claims  may  affect  the  availability  of  water 
for  new  diversions  from  headwater  streams  within 
national  forests.  However,  these  claims  would  not 
affect  the  availability  of  water  downstream  from  the 
forest  boundaries. 

U.S.  Bureau  of  Land  Management 

In  October  1976,  the  149-mlle  reach  of  the  upper 
Missouri  River  from  Fort  Benton  downstream  to  the 
Filed  Robinson  Bridge  was  designated  a  component  of 
the  National  Wild  and  Scenic  River  System.  This  river 
reach  is  administered  by  BLM  under  the  provisions  of 
the  National  Wild  and  Scenic  Rivers  Act  (PL  94-  542).  It 
Is  also  managed  for  multiple  use  and  sustained  yield 
under  the  principles  of  the  Taytor  Grazing  Act  (PL  Stat. 
1269  as  amended).  Federal  Land  Management  Policy 
Act  (PL  94-579).  and  the  Amendment  to  the  Wild  and 
Scenic  Act  specific  to  the  Upper  Missouri  Wild  and  Sce- 
nic River  (PL  94,  Sec.  202  and  203). 

BLM  with  the  assistance  of  DFWP  identified  flow 
requirements  for  the  wild  and  scenic  reach  (BLM. 
1 984) .  The  Instream  flows  claimed  by  BLM .  listed  in 
Table  4-16.  are  based  on  the  following  criteria:  side 
channel  threshold  flows  for  critical  rearing  and  for- 
age-fish production  between  June  1  and  August  31; 
adequate  flows  In  riffle  areas  for  food  production, 
and  critical  habitat  and  migration  routes  for  certain 
fish  throughout  the  year  flows  to  protect  Canada 
goose  nesting  sites  between  March  15  and  June  1; 
paddlefish  migration  flows  between  May  19  and  Jufy 
5;  recreation  flows  for  boats,  rafts,  canoes,  and  kay- 
aks from  May  1 5  to  November  15;  and  flushing  flows 
to  maintain  charmel  stability  for  an  average  of  16 
days  between  March  15  and  July  15. 

Over  the  past  10  years.  BLM  has  held  prelimi- 
nary discussions  for  negotiating  a  federal  reserved 
water  right  for  these  flows  with  Montana's  Reserved 
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Table  4-16.  Summary  of  reserved  claims  by  BLM  for 
the  Wild  and  Scenic  section  of  the  Missouri  River 


RECOMIUIENDED 

STREAM  REACH 

TIME  PERIOD           STREAMFLOW 

(cfs) 

Fort  Benton  to  Confluence 

3/15-5/14 

4,887 

of  the  Marias  River 

5/15-5/18 

6,390 

5/19-7/5 

12,622 

7/6-7/15 

6,390 

7/16-8/31 

4,500 

9/1-11/15 

4,480 

11/16-3/14 

4,887 

1 6  days  between 

3/15  and  7/15 

21,200 

(channel  stability  flows) 

Confluence  of  the  Marias 

3/15-5/14 

5,571 

River  to  confluence  of  th€ 

(           5/15-5/18 

7,470 

Judith  River 

5/19-7/5 

14,000 

7/6-7/15 

7,470 

7/16-8/31 

5,400 

9/1-11/15 

5,150 

11/16-3/15 

4,305 

1 6  days  between 

3/15  and  7/15 

22,600 

(channel  stability  flows) 

Confluence  of  Judith  River 

3/15-5/14 

7,100 

to  Fred  Robinson  Bridge 

5/15-5/18 

8,300 

5/19-7/5 

15,187 

7/6-7/15 

8,300 

7/16-8/31 

5,800 

9/1-11/15 

5,600 

11/16-3/15 

4,700 

1 6  days  between 

3/15  and  7/15 

26,200 

(channel  stability  flows) 

Source;  BLM  1984 

Water  Rights  Compact  Commission.  Negotiations 
between  the  state  and  BLM  regarding  these  reserved 
water  rights  have  been  postponed  while  a  model  of 
the  historical  flows  and  historical  uses  in  the  basin  is 
being  developed.  The  effect  on  water  availability  of 
BLM*s  proposed  reserved  water  right  for  instream 
flows  at  Fort  Benton.  Virgelle.  and  LanduslQ^  is  shown 
in  Table  4-17.  The  results  indicate  that  BLM's  pro- 
posed water  right  would  have  slightly  less  impact  on 
water  availability  than  MFC's  claimed  right  for  hy- 
dropower  at  Cochrane  Dam  except  during  June  in  a 
few  years  (Table  4-10).  MFC's  claimed  hydropower 
water  right  at  Cochrane  Dam  is  less  than  38  miles 
upstream  of  the  beginning  of  the  wild  and  scenic 
stretch  at  Fort  Benton.  The  priority  date  for  the  flows 


would  be  October  12.  1976.  when  congress  autho- 
rized the  wild  and  scenic  designation. 

NATIONAL  PARK  SERVICE 

Within  the  basin,  the  National  Park  Sendee  is 
claiming  reserved  rights  to  instream  flows  for  streams 
arising  in  Yellowstone  and  Glacier  national  parks, 
though  these  should  not  be  affected  by  the  proposed 
reservations.  The  National  Park  Service  is  also  claim- 
ing reserved  water  rights  for  the  Big  Hole  Battlefield 
on  the  Big  Hole  River.  There  are  no  active  negotiations 
between  the  state  and  park  service  regarding  these 
claims,  and  it  is  not  known  at  this  time  if  they  will  be 
resolved  before  the  Board  acts  on  the  reservation  ap- 
plications. 

U.S.  Fish  and  wildlife  Service 

USFWS  is  negotiating  a  compact  to  settle  reserved 
rights  within  the  basin  on  the  Benton  Lake  and 
Charles  M.  Russell  national  wildlife  refuges.  Claims 
for  the  refuges  are  relatively  minor,  and  their  resolu- 
tion should  not  have  a  efiect  on  the  legal  availability  of 
water  for  future  appropriation  except  at  a  local  level. 

WATER  STORAGE 

Today,  about  8.500  storage  projects  covering 
400.000  surface  acres  have  been  built  In  the  Missouri 
River  basin  upstream  from  Fort  Feck  Dam.  These 
projects  provide  many  different  benefits  to  basin  us- 
ers. Reservoirs  can  regulate  streamflows  for  flood 
control;  store  water  for  irrigation,  municipal,  indus- 
trial, and  stockwater  use;  provide  opportunities  for 
flatwater  recreation;  improve  fisheries;  and  supply 
water  for  hydropower  generation.  Storage  facilities, 
however,  also  can  have  adverse  impacts  on  recreation 
and  aquatic  and  riparian  habitat  associated  with  free- 
flowing  rivers  and  can  alter  aesthetic  views. 

The  size  of  basin  storage  projects  range  from  a  few 
acre-feet  in  stock  water  ponds  to  over  1 9  million  acre- 
feet  in  Fort  Feck  Reservoir.  Total  storage  capacity  in 
the  basin  is  estimated  to  be  about  26  million  acre-feet. 
About  96  percent  of  the  water  stored  in  the  basin  is  in 
42  medium  and  large  reservoirs  (Table  4-14).  Each  of 
three  reservoirs.  Fort  Peck.  Canyon  Ferry,  and  Tiber, 
holds  more  than  1  mffllon  acre-feet,  and  together  they 
store  over  88  percent  of  the  basin's  capacity  in  normal 
years.  With  the  exception  of  private  hydropower 
projects,  essentially  all  large  water  storage  projects  in 
the  basin  have  been  built  by  and  financed  primarily 
by  the  federal  government  (DNRC  Water  Storage 
Report  1989). 
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Table  4-17.  Missouri  River  flows  (cfs)  remaining  after  subtracting  BLM's  proposed  federal  reserved  water  rights 
for  the  Missouri  Wild  and  Scenic  River  stretch 


OCT        NOV      DEC      JAN      FEB 


MONTHLY  FLOWS' 

MAR       APR     MAY 


JUN       JUL    AUG       SEP     AVG. 


Fort  Benton 

Average 

1433 

to  Marias  River 

10th% 

2937 

20th  % 

2609 

50th  % 

1216 

80th  % 

130 

90th  % 

0 

Marias  River  to 

Average 

1528 

Judith  River 

10th% 

3321 

20th  % 

2884 

50th  % 

1459 

80th  % 

213 

90th  % 

0 

Judith  River 

Average 

1532 

to  Fred 

10th% 

3226 

Robinson 

20th  % 

3063 

Bridge 

50th  % 

1445 

80th  % 

157 

90th  % 

0 

1179  939  580      915  2180  3216  3305 

2862  2375  2600    2833  5138  6374  9384 

2130  2011  2168    2568  4511  5269  6430 

1081  972  489      698  2241  3044  2910 

99  0  0          0  0  814  0 


0  888     405  603  1304 

7582  5518  2673  2764  4420 

3171  3134  1580  1755  3111 

0  0         0  149  1067 

0  0         0  0  87 


0 


0 


2044  2252  1832  2300  3115  3614  4481  748  1192  391  744  2020 

3914  4099  3924  4750  6611  744410328  7943  6670  3022  3435  5455 

3203  3436  3661  3835  5442  6163  8659  4929  4800  1871  2137  4252 

2014  2424  1757  2238  3227  3397  3911  0  49    0  12  1707 

882  1077  0  146  87  950   264  0  0    0  0  302 

00000  00  000  00 

2170  2303  1829  2450  3408  5597  4399  1424  1662  508  779  2338 

3675  4009  4464  5342  7677  1054012149  10292  7624  3297  3602  6325 

3222  3858  3511  4651  5772  8798  8211  5395  5450  2152  2323  4701 

2146  2469  1760  2471  3169  4969  4057  367  392   75  39  1947 

1103  981  0  62  0  2520    0  0  0    0 


261 


811 


402 
89 


All  streamflows  were  estimated  using  the  Missouri  River  Water  Availability  Model 


Modiflcations  to  storage  facilities  for  hydropower 
are  ongoing  or  proposed  In  the  basin.  A  hydropower 
turbine  is  proposed  for  Tiber  Dam  on  the  Marias 
River  by  three  different  groups.  Over'  the  last  10 
years,  legal  arguments  have  been  made  before  FERC 
and  the  Montana  Supreme  Court  about  who  will 
receive  authorization  by  FERC  to  build  the  facility  on 
this  Bureau  of  Reclamation  dam.  Also,  the  U.S. 
Army  Corps  of  Engineers  has  recently  studied  the 
potential  for  adding  two  hydropower  generation  units 
to  Fort  Peck  Dam.  This  addition  appears  to  be  eco- 
nomically feasible,  but  a  number  of  environmental 
problems  have  been  identified  that  must  be  miti- 
gated. The  Corps  has  decided  not  to  pursue  this 
project  until  there  are  state  or  local  sponsors.  MPC 
also  proposes  modiflcations  to  its  facilities  as  indi- 
cated in  Table  4-56. 

TNvo  existing  dams  win  be  modified.  Middle  Creek 
Dam  on  Hyalite  Creek  near  Bozeman  Is  being  enlarged 
by  1,800  acre-feet  to  meet  Bozeman's  municipal  needs 
and  for  supplemental  irrigation.  The  inadequate  spill- 
way win  be  replaced  and  recreational  facilities  arovind 
the  reservoir  will  be  Improved.  The  other  activity  is  to 
repair  the  linsafe  spillway  on  Lima  Dam  located  on  the 
Red  Rock  River  In  Beaveihead  County. 


A  new  storage  project  on  Ruby  Creek,  a  tribu- 
tary of  the  Big  Hole  River,  is  being  considered.  The 
project  is  Intended  to  store  water  to  supplement  late 
season  irrigation  on  5,000  acres  and  to  provide 
instream  flows  for  the  downstream  fishery  and 
recreation.  Funding  for  a  feasibility  study  of  the 
project  is  being  sought  from  DNRC's  Water  Develop- 
ment Program. 

The  issue  of  water  storage  was  taken  through  the 
state  water  planning  process  in  1988-90  and  three 
primary  components  were  addressed:  policy,  financ- 
ing, and  regulation.  Recommendations  in  the  com- 
pleted plan  section  were  Included  in  legislation  that 
passed  in  April  199 1 .  The  legislation  clarified  water 
storage  policy,  defined  the  role  of  storage  in  solving 
water  problems,  and  established  guidelines  for  set- 
ting priorities  among  new  storage  and  rehabilitation 
storage  projects.  A  special  water  storage  account 
was  created  with  revenues  to  be  used  in  line  with  the 
following  priorities:  (1)  rehabilitation  of  high  hazard 
and  unsafe  dams;  (2)  enlargement  and  rehabilitation 
of  other  existing  water  storage  projects;  and  (3)  con- 
struction of  new  storage  projects. 
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WATER  QUALITY 

Basin-wide  Overview  of  Water  Quality 

Snowmelt  from  mountain  watersheds  provides 
most  of  the  annual  runoff  In  the  basin.  This  runoff 
water  Is  generally  cool  and  moderately  soft,  but 
nutrients,  salts,  and  water  temperature  In  the  Mis- 
souri gradually  Increase  as  the  river  travels  from  the 
mountains  to  the  plains.  Water  degradation  with 
distance  downstream  is  due  primarily  to  loss  of  water 
through  evaporation  from  reservoirs,  canals,  and 
streambeds,  uptake  by  plants,  contamination  by 
soluble  minerals  from  soils  and  underlying  rock  for- 
mations, and  pollution  by  humans. 

The  State  of  Montana  classifies  streams  by  water 
use.  Waters  of  the  Missouri  River  basin  above  Fort 
Peck  Dam  are  classified  from  A-closed  (highest  qual- 
ity) on  dovm  through  A-1,  B-1,  B-2.  B-3,  C-1,  C-2, 
and  C-3  to  I  (lowest  quality)  (Table  2-1).  The  waters 
are  classified  by  thefr  suitability  for  drinking,  pro- 
cessing food,  bathing,  swimming,  propagation  and 
growth  offish  and  aquatic  life,  waterfowl  and  furbear- 
ers,  and  agricultural  and  industrial  water  use.  Most 
of  the  Missouri  Basin  water  is  in  the  B  classification. 
A  listing  of  the  streams  with  their  classification  and 
notable  impairments  is  found  in  Appendix  E. 

In  diy  years  (such  as  those  during  the  drought  of  the 
1980s),  water  quality  problems  are  more  pronounced, 
particularly  in  streams  affected  by  waste  discharges 
and  depletion.  For  example,  dissolved  chemical  concen- 
trations and  water  temperatures  are  highest  during 
these  lowflow  periods.  In  contrast,  suspended  sediments 
follow  a  reverse  pattern  with  highest  concentrations  at 
high  flows. 

Irrigation  is  a  large  contributor  of  non-point  pol- 
lution In  the  basin  (DHES  1990).  Water  quality  prob- 
lems typicalfy  result  when  diversion  of  irrigation  water 
creates  low  flows  and  when  return  flows  are  polluted 
by  salts,  nutrients,  and  sediments. 

Groundwater  quality  is  generally  excellent  in  al- 
luvial aquifers  along  major  streams  in  the  basin. 
However,  water  in  deeper  bedrock  aquifers  is  gener- 
ally of  poorer  quality.  Naturally  high  concentrations 
of  total  dissolved  solids,  sulfate,  iron,  fluoride,  nitro- 
gen, and  trace  elements  are  present  due  to  the  length 
of  time  that  groundwater  is  in  contact  with  rocks  and 
earth  containing  these  materials.  Large  portions  of 
the  basin  are  underlain  by  younger  geologic  sedi- 
ments that  contain  aquifers  in  the  Hell  Creek,  Judith 


River,  Kootenai,  and  Fort  Union  formations.  Water 
quality  in  these  aquifers  is  locally  variable  but  gener- 
ally is  characterized  by  hardness,  high  salt  content, 
metals,  and  generally  poor  quality,  particularly  at 
greater  depths.  The  Madison  limestone,  a  large-vol- 
ume deep  aquifer,  is  very  thick,  with  outcropplngs 
throughout  central  Montana.  Depending  on  location, 
its  water  quality  varies  from  excellent  to  very  poor. 

Although  water  quality  is  generally  good  in  the 
basin,  local  and  regional  problems  impair  water  use. 
Such  problems  Include  elevated  temperatures,  sus- 
pended sediment,  salinity,  high  nutrients,  alkalinity. 
trace  elements  (arsenic  particularly),  metals,  and  low 
dissolved-oxygen  levels.  The  more  important  param- 
eters are  discussed  below. 

Parameters  of  Concern 

Total  dissolved  solids 

Total  dissolved  solids  (TDS),  a  measure  of  salin- 
ity in  water,  is  one  of  the  few  water  quality  indicators 
for  which  substantial  data  exist.  Salt  tolerance  of 
crops  depends  on  chemical  and  physical  character- 
istics of  soils  and  the  relative  proportions  of  specific 
ions  such  as  sodium,  magnesium,  calcium,  and  bo- 
ron. TDS  in  excess  of  500  mg/L  may  not  be  used  for 
human  consumption.  Livestock  is  less  sensitive  to 
Scilts  than  humans  and  wildlife,  but  will  generally  not 
drink  water  If  TDS  concentrations  exceed  2.000  mg/ 
L.  Sensitivity  of  aquatic  organisms  to  salts  is  difficult 
to  generalize  because  of  wide  variability  among  or- 
ganisms. TDS  levels  above  1.000  mg/L  would  ren- 
der water  unusable  for  irrigation.  At  saline  seep 
locations,  TDS  concentrations  in  groundwater  range 
from  15,000  to  55.000  mg/L. 

TOTAL  SUSPENDED  SEDIMENT 

Total  suspended  sediment  (TSS)  is  a  measure  of 
all  sediments  and  organisms  suspended  in  a  stream. 
Turbidity,  as  measured  by  the  ability  of  light  to  pen- 
etrate water,  is  generally  closely  associated  with  sus- 
pended sediments.  There  is  no  public  drinking  water 
limit  for  TSS.  TSS  is  an  Important  indicator  of  the 
overall  condition  of  a  stream.  Storms,  changes  in 
land  management  practices,  or  water  released  from 
storage  can  increase  erosion,  resulting  in  high  tur- 
bidity. Applying  irrigation  water  high  in  TSS  will 
reduce  infiltration  rates,  making  soils  less  perme- 
able. Fine  sediment  in  streams  may  also  harm 
aquatic  life  by  clogging  gravel  streambeds  Important 
to  aquatic  life  and  by  abrading  the  gills  of  fish  and 
other  organisms. 
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Biological  Oxygen  demand 

Biological  oxygen  demand  (BOD)  is  a  measure  of 
the  ojqrgen  required  by  microorganisms  to  degrade 
organic  matter  in  water.  More  oxygen  is  needed  when 
organic  matter  increases.  Treated  wastewater  is  re- 
quired to  meet  standards  for  BOD  because  biological 
degradation  of  organic  compounds  from  sewage  uses 
ojQ^gen  and  thereby  reduces  its  concentrations  be- 
low levels  needed  to  support  aquatic  organisms. 

Dissolved  Oxygen 

Certain  levels  of  dissolved  ojqrgen  are  necessary 
to  sustain  aquatic  life.  DHES's  dissolved  oxygen 
standard  for  protecting  warm  water  aquatic  life  is  5.0 
mg/L,  and  7.0  mg/L  for  cold  water  organisms.  Nitro- 
gen and  phosphorus  can  act  as  fertilizers  and  in- 
crease the  growth  of  algae  in  streams.  Increased 
algae  growth  increases  the  demand  for  dissolved  oxy- 
gen, lowering  the  dissolved  oxygen  level  in  streams. 
Dissolved  ojq^gen  concentrations  also  are  affected  by 
stream  temperatures:  as  stream  temperatures  rise, 
oxygen  concentration  decreases. 

Arsenic 

Arsenic,  a  trace  element  known  for  its  short-term 
and  long-term  health  effects,  is  a  carcinc^en.  Re- 
cently it  has  come  under  increasing  regulatory  atten- 
tion from  both  EPA  and  DHES.  A  confusing  aspect  of 
arsenic  involves  two  apparently  contradictory  water 
quality  standards.  Based  on  human  health  studies, 
federal  drinking  water  standards  limit  arsenic  to  50 
micrograms  per  liter  (^ig/L  or  parts  per  billion)  in 
treated  water  supplies.  This  standard,  initially 
adopted  in  1946,  is  being  reviewed  by  EPA  It  is  bkely 
that  the  concentration  allowed  in  drinking  water  will 
be  significantly  reduced,  but  to  what  level  is  not 
known  at  this  time.  At  the  other  end  of  the  spectrum, 
the  Board  of  Health  and  Environmental  Sciences  in 
1990  adopted  an  instream  standard  that  is  based  on 
EPA's  one-case-per-mUlion  risk  level  for  carcinogens. 
In  contrast  to  the  50  micrograms  per  liter  (parts  per 
billion)  standard  for  drinking  water,  this  standard 
will  not  allow  activities  that  increase  arsenic  in  sur- 
face water  with  an  arsenic  concentration  exceeding 
20  nanograms  per  liter  (parts  per  trillion). 

It  is  widely  recognized  that  the  Missouri  River 
above  Fort  Peck  exhibits  high  concentrations  of 
arsenic.  High  levels  of  arsenic  originate  naturally 
within  geothermal  springs  along  the  Firehole  River, 
a  tributary  of  the  Madison  River,  in  Yellowstone 
National  Park.  The  range  of  arsenic  concentrations 
in  the  upp)er  Madison  and  Missouri  rivers  is  shown  in 
Table  4-18. 


Table  4-18.  Summary  of  arsenic  concentrations  in  the 
upper  Madison  and  Missouri  rivers 

Arsenic  concentration  (pgl) 
Mnlmum    Medan    Maximum 


Madison  River  near  West  Yeibwstone 

137 

258 

370 

below  l-lebgen  Lal<e 

78 

120 

240 

bebw  Ennis  Lal<e 

48 

73 

100 

at  Tliree  Fori<s 

42 

68 

88 

Missouri  River  at  Toston 

10 

30 

100^ 

below  Canyon  Feny  Dam 

23 

28 

34 

near  Landusl<y 

1 

2 

52 

^  Dissolved  arsenic  concentration 
Notes:  iig/L  =  parts  per  billion  (ppb) 

1  part  per  billion  exceeds  BHES  standard  by  50  times.  Except 
wtiere  noted,  all  values  are  total  arsenic  concentration. 
Source:  USGS  1987 


A  recent  investigation  by  Sonderegger  et  al. 
(1989)  shows  that  irrigation  of  the  lower  Madison 
Valley  with  Madison  River  water  has  resulted  in  con- 
tamination of  alluvial  and  Tertiary  aquifers  underly- 
ing the  valley.  Dissolved  arsenic  concentrations  typi- 
cally range  from  80  to  150  \ig/L  In  the  near-surface 
(water  table  less  than  100  feet)  alluvial  aquifers, 
which  have  been  recharged  by  irrigation  for  more 
than  100  years. 

A  systematic  survey  of  arsenic  concentrations  in 
groundwater  has  not  been  conducted.  Although  it  is 
doubtful  that  the  degree  of  groundwater  contamina- 
tion along  the  Missouri  River  is  as  great  as  in  the 
Madison  valley,  there  is  potential  for  locally  elevated 
arsenic  concentrations  in  shallow  groundwater  sup- 
plies along  the  Missouri  River. 

Nutrients 

Increases  in  phosphorous  (P)  and  nitrogen  (N) 
can  degrade  water  quality  and  can  lead  to  increased 
algae  growth.  Flood  irrigation  of  fertilized  fields  typi- 
cally flushes  a  portion  of  these  nutrients  Into  streams 
and  groundwater.  If  irrigation  is  properly  scheduled 
or  sprinkler  methods  are  integrated  with  soil  mois- 
ture conditions,  nutrients  are  less  likely  to  affect 
surface  waters. 

Nitrogen  compounds  are  found  everywhere  in 
nature  and  are  released  as  soluble  nitrate  to  ground- 
water under  a  complex  variety  of  conditions.  Notable 
sources  of  concentrated  nitrates  are  fertilizers, 
feedlots,  mining  operations  where  nitrogen  blasting 
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compounds  are  used,  sewage  effluent,  the  atmo- 
sphere, chemical  spillage,  and  agricultural  runoff. 
The  public  drinking  water  standard  for  nitrogen  is 
10  mg/L. 

Phosphorus  Is  an  essential  element  for  aquatic 
life  but  can  cause  water  quality  problems  if  Its  con- 
centrations become  too  high.  Reservoirs  wUl  collect 
phosphates  from  Influent  streams,  and  these  are 
stored  within  lakebed  sediments  where  they  can  re- 
enter the  water  when  dissolved  oxygen  levels  become 
low.  Major  sources  of  phosphorus  In  the  Missouri 
basin  are  sediments,  domestic  sewage  effluents  (in- 
cluding detergents),  processing  wastes,  and  agricul- 
tural runoff,  including  fertilizer  residues  and  animal 
wastes.  Total  phosphorus  allowed  by  DliES  stan- 
dards Is  0. 10  mg/L  In  streams. 

The  ratio  of  nitrogen  and  phosphorus  can  affect 
the  rate  of  algae  growth.  In  normal  stream  conditions 
a  10: 1  ratio  of  N  to  P  is  common,  but  ratios  can  range 
from  2:1  to  100:1.  Abnormal  balances  of  this  ratio 
combined  with  high  water  temperatures  and  the 
presence  of  different  algae  species  can  trigger  algal 
blooms.  Available  phosphorus  present  In  concentra- 
tions between  0.01  and  0.05  mg/L  is  thought  to  be 
favorable  for  algal  blooms  In  lakes.  Research  shows 
that  algal  blooms  occur  most  often  when  nitrogen 
exceeds  0.3  mg/L  and  phosphorus  exceeds  0.0 1  mg/ 
L  (Novotny  and  Chesters  1981). 

Hard  water,  summer  heat,  and  high  nutrient 
concentrations  combine  to  produce  ideal  conditions 
for  algal  blooms  In  streams  and  lakes.  Algal  blooms 
generally  occur  where  summer  heat  warms  shallow 
water  in  lakes,  ponds,  and  reservoirs  to  tempera- 
tures above  68  degrees  Fahrenheit  (DHES  1984).  As 
algae  populations  expand,  dissolved  oxygen  de- 
creases. 

Although  rare,  there  are  toxic  strains  of  algae 
that  can  be  more  than  just  a  nuisance.  Anabaena 
Jlos  aquae  (blue-green  algae)  have  produced  a  deadly 
toxin  In  Hebgen  Reservoir  and  Canyon  Ferry  Lake  in 
the  last  decade.  These  algae  can  paralyze  muscles 
and  kill  livestock.  These  and  other  toxic  blooms  last 
only  a  few  days  and  cannot  readily  be  distinguished 
from  non-toxic  algae  that  exist  in  most  shallow  wa- 
ters. Seventeen  cattle  died  near  Hebgen  Reservoir  in 
June  1985,  and  39  were  killed  eight  j^ars  earlier  in 
the  same  area  from  toxic  blooms  of  blue-green  algae. 
In  August  1984,  a  toxic  bloom  killed  eight  cows,  a 
bull,  and  a  calf  on  the  northwest  edge  of  Canyon 
Ferry  Lake. 


Toxic  strains  of  algae  are  rare,  but  there  is  no  way 
to  predict  when  and  where  they  will  appear.  The 
bloom  often  lasts  a  few  days  to  a  week  and  disap- 
pears, leaving  onty  the  loss  of  animals,  fish,  and 
recreational  dollars  (DHES  1984).  Acute  toxicity  to 
humans  has  not  been  documented,  but  there  is  in- 
creasing evidence  that  the  toxins  cause  gastroenter- 
itis, and  with  contact,  skin  irritation  to  humans. 

Water  temperature 

Many  factors  affect  water  temperatures  includ- 
ing exposure  to  the  sun,  water  depth  and  velocity,  air 
temperature,  precipitation,  groundwater  inflows,  and 
the  temperature  of  water  from  irrigation,  springs,  or 
water  storage  projects.  Reduced  streamflows  gener- 
ally can  result  In  elevated  stream  temperatures. 
Water  temperatures  that  exceed  67°F  (14.4°C)  can 
harm  some  forms  of  aquatic  life.  Summer  tempera- 
tures in  some  Missouri  basin  streams  presently  ex- 
ceed this  level.  Elevated  stream  temperatures  also 
can  reduce  dissolved  oxygen  levels  In  streams,  which 
in  turn  can  harm  aquatic  organisms.  Elevated  water 
temperatures  play  a  significant  role  in  toxic  algal 
blooms. 

Statistical  summaries  of  water  quality  data  for 
selected  USGS  water  monitoring  stations  are  given  in 
Table  4-19. 

HEADWATERS  SUBBASIN 

The  Jefferson,  Madison,  and  Gallatin  rivers  and 
their  major  tributaries  are  classified  A  or  B;  most 
streams  are  B- 1  and  support  a  wide  variety  of  uses. 
These  headwater  streams  generally  are  of  good  qual- 
ity, having  low  concentrations  of  dissolved  solids  and 
being  slightly  alkaline. 

Notable  problems  in  the  Headwaters  Subbasin 
include  low  flows,  sedimentation,  elevated  water 
temperature,  acid  mine  drainage,  and  high  arsenic 
concentration.  Low  flows  are  a  significant  problem 
on  the  Beaverhead.  Big  Hole,  Gallatin,  and  Jefferson 
rivers  In  dry  years,  causing  elevated  stream  tempera- 
tures. Increased  algae,  and  reduced  dissolved  oxy- 
gen. Arsenic  concentrations  on  the  Madison  River 
exceed  both  the  instream  and  the  drinking  water 
standard. 

A  variety  of  pollutants  enters  the  East  Gallatin 
River  from  municipal  and  agricultural  sources.  Criti- 
cal low  flows  occur  during  surmner  months  and  limit 
the  dilution  capability  of  the  river.  The  West  Gallatin, 
West  Fork  Madison,  and  Jefferson  rivers  all  have 
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sedimentation  problems  resulting  from  a  combina- 
tion of  natural  and  human-caused  factors.  Solar 
heating  of  reservoirs  and  stream  depletion  caused  by 
irrigation  contribute  to  elevated  summer  tempera- 
tures on  the  Beaverhead  and  Madison  rivers.  These 
temperatures  can  harm  cold-water  aquatic  life. 
Aquatic  life  In  the  Boulder  River  Is  Impaired  by  acid- 
mine  drainage  and  toxic  metals,  a  legacy  of  past 
mining. 


Upper  Missouri  Subbasin 

Water  in  the  Upper  Missouri  Subbasin  is  suit- 
able for  most  uses,  but  there  Is  evidence  that  some 
tributaries  are  being  severely  polluted.  Dissolved 
ojqrgen  concentration  is  typically  near  the  limit  of  the 
standard.  Dissolved  metals  may  be  present  In  toxic 
concentrations  in  some  drainages  due  to  past  min- 
ing activity.  The  tributaries  generally  have  low 


Table  4-19.  Water  quality  data  for  selected  USGS  water  monitoring  stations  In  the  Missouri  basin" 


Total  Water 

Dissolved    Temperature 
Solids  (mg/L)        (°C) 


pH 


Dissolved  Total  Total 

Oxygen        Suspended        Arsenic 
(mg/L)     Sediment  (mg/l)       ^.g/l 


Headwaters  Subbasin 

Madison  River  below  Ennis  Lal<e 
(7-18-7210  10-24-90)'' 

Jefferson  River  near  Twin  Bridges 
(3-1 5-60  to  9-30-72) 

Big  Hole  River  near  Melrose 
(8-3-60  to  9-1 -64) 

Beaverhiead  River  near  Twin  Bridges 
(7-8-72  to  9-1 0-80) 

Upper  Missouri  Subbasin 

Missouri  River  at  Toston 
(6-9-65  to  12-7-89) 

Missouri  River  below  Canyon  Ferry  Dam 
(10-1 -67  to  10-8-87) 

Sun  River  near  Vaugfin 
(10-1 -68  to  10-15-90) 

Muddy  Creel<  at  Vaugiin 
(10-1 -67  to  9-4-86) 

Marias/Teton  Subbasin 

Marias  River  near  Ciiester 
(8-1 2-64  to  8-19-68) 

Middle  Missouri  Subbasin 

Missouri  River  at  Virgelle 
(10-2-74  to  9-23-85) 

Missouri  River  near  Landusky 
(7-1 6-76  to  12-4-90) 

Musselshell  River  at  Mosby 
(10-22-74  to  11-14-90) 

Musselsiiell  River  at  Harbwton 
(11 -5-87  to  11-13-90) 


190.0= 
(143-224)<* 

9.0 
(0.5-22) 

8.0 
(7.2-8.5) 

9.3 
(7.8-11.8) 

^e 

73 
(48-100) 

301.0 
(83-448) 

9.0 
(0-19) 

7.8 
(6.7-8.5) 

— 

28 
(2-1 ,300) 

— 

125 
(57-186) 

— 

7.3 
(6.8-8.1) 

— 

53 
(5-365) 

— 

418 
(320-548) 

8.7 
(16.0-21.1) 

8.0 
(16-8.4) 

242 
(123-300) 

7.5 
(0.0-22.5) 

8.3 
(7.3-8.8) 

10.9 
(7.9-13.8) 

20 
(5-491) 

28 
(8-100) 

220 
(185-282) 

— 

— 

— 

— 

28 
(22-34) 

'471 
(156-1,100) 

— 

8.1 
(7-8.8) 

— 

— 

— 

675 

(277-1,747) 

" 

8.1 

(7.3-8.9) 

" 

221 
(10-21,100) 

374 
(235-486) 

9.0 
(2-22) 

8.0 
(6.8-8.9) 

12.4 
(9.2-15) 

4.0 
(1-26) 

1.0 
(1.0-2.0) 

276 

(217-377) 

9.7 

(0.0-24) 

8.4 

(7.7-8.8) 

10.6 
(7.3-14.8) 

36 
(5-2,460) 

15 

(9-20) 

314 
(240-711) 

— 

8.4 
(7.5-8.9) 

9.2 
(5.2-14.0) 

193 
(11-25,100) 

14 
(7-28) 

1,510 
(421-3,778) 

8.0 
(0.0-26) 

8.2 

(7.1-8.9) 

9.9 
(5.7-67) 

130 
(13-4,880) 

2.0 
(1-52) 

673 
(501-1,641) 

10.3 
(0.5-23.5) 

8.1 
(8.0-8.5) 

11.2 
(7.8-12.3) 

36 
(16-108) 

(1-2) 

Data  retrieved  from  U.S.  Geological  Survey  WATSTORE  Data  Base  by  Montana  State  Library  Natural  Resource  Information  System; 

statistical  analysis  performed  by  DNRC. 
Period  of  record  analyzed 

Median  value  of  parameter  (half  the  measured  values  are  above,  and  half  are  below). 
Minimum  and  maximum  value  of  parameter. 
Infomiation  available  for  final  EIS. 
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dissolved  solids  concentrations  and  are  slightly 
alkaline.  The  Missouri  River  and  its  tributaries  from 
Three  Forks  to  Belt  Creek  are  classified  with  the  A  or 
B  designation;  most  streams  are  classified  B-1. 

Municipal  and  irrigation  return  flows  result  in 
moderate  impairment  of  the  Missouri  River  In  the 
vicinity  of  Great  Falls  where  TDS  concentrations  in- 
crease, particularly  during  low  flows.  Improved  mu- 
nicipal and  industrial  treatment  has  resulted  in  im- 
proved water  quality  in  recent  years.  As  the  Missouri 
flows  from  the  mountains  to  the  plains.  TDS  and 
water  temperature  gradually  Increase. 

Notable  problems  In  the  Upper  Missouri  Subba- 
sin  include  low  flows,  sedimentation,  elevated  water 
temperature,  acid  mine  drainage,  and  high  arsenic 
concentrations.  According  to  DHES  (1990).  Muddy 
Creek,  a  tributary  to  the  Sun  River,  and  Prickly  Pear 
Creek,  near  Helena,  were  recently  classified  "1"  be- 
cause of  near  permanent  damage  to  several  water 
uses  caused  by  past  resource  extraction. 

Streams  in  the  Belt  Creek  drainage  are  Impafred 
by  metals  and  acid  mine  drainage  from  past  mining 
activity.  Metals  problems  occur  in  the  Sand  Coulee 
area  groundwater  and  surface  water  from  past  coal 
mining.  Silver  Creek.  Corbin  Creek,  Virginia  Creek 
and  other  tributary  streams  in  and  around  the  Hel- 
ena Mining  District  have  impairment  from  both  his- 
torical and  recent  mining  activity. 

Sedimentation  problems  occur  along  Thompson 
Gulch;  the  Dearborn,  Sun,  and  Smith  rivers;  Flat. 
Newlan,  Hound.  Sheep.  Big  Otter,  Tenmile,  Little 
Prickly  Pear,  Prickly  Pear.  Trout.  Crow,  and 
Sixteenmlle  creeks;  and  other  tributaries  to  the  Mis- 
souri River  and  Canyon  Ferry  Reservoir. 

Low  water  resulting  from  reservoir  regulation  and 
Irrigation  withdrawals  contributes  to  elevated  sum- 
mer temperatures  on  the  Missouri.  Sun,  Dearborn, 
and  Smith  rivers  and  Sixteenmlle  Creek. 

The  Sun  River  drainage  has  sedimentation  and 
elevated  TDS  problems,  particularly  in  and  below 
Muddy  Creek.  These  problems,  caused  by  irrigation, 
are  the  subject  of  correctional  programs  by  farmers 
and  the  local  conservation  district. 

Arsenic  problems,  as  described  in  the  Headwa- 
ters Subbasin,  are  recognized  as  being  present  in  the 
Missouri  main  stem  downstream  where  total  recov- 


erable arsenic  concentrations  range  from  50  to  90 
\ig/L  at  Three  Forks  to  23  to  28  |xg/L  below  Canyon 
Ferry  Dam. 

Marias/Teton  Subbasin 

The  Marias  River.  Teton  River  .and  their  tributar- 
ies support  a  wide  variety  of  uses,  with  most  streams 
classified  B-1.  The  streams  generally  have  low 
concentrations  of  dissolved  solids  and  are  slightly 
alkaline. 

As  the  Marias  River  makes  a  transition  to  lower 
elevations,  water  quality  deteriorates.  Water  tem- 
peratures and  sediment  concentrations  increase, 
cmd  nutrient  and  salt  concentrations  rise.  Water 
quality  deterioration  in  the  lower  Marias  grows  more 
pronounced  during  times  when  streamflows  are  low. 

Notable  water  quality  problems  In  the  Marias/ 
Teton  Subbasin  include  sedimentation,  elevated 
water  temperature,  and  high  salinity.  The  Marias 
River  below  Tiber  Reservoir  receives  sediment  from 
agricultural  and  natural  erosion  processes,  and  as  a 
result  of  reservoir  releases.  Birch  Creek.  South  Fork 
Two  Medicine  River,  and  Badger  Creek  have  moder- 
ate sediment  problems.  Cut  Bank  Creek  also  is 
affected  by  sedimentation  and  salinity. 

Freezeout  Lake  serves  as  a  sink  for  irrigation 
return  flows  from  the  Greenfields  Bench  irrigation 
project  (DHE^S  1986).  Evaporation  exceeds  precipi- 
tation in  the  area,  thus  concentrating  salts  in  the 
lake.  The  lake  outlet  is  through  Priest  Butte  Lakes 
to  the  Teton  River.  Periodic  releases  of  water  from  the 
lake  system  are  used  to  maintain  flow  levels,  but 
these  flows  have  deteriorated  water  quality  in  the 
Teton  River.  A  water  release  system  to  reduce  salin- 
ity began  operation  in  1984  and  is  working.  High 
flows  from  the  lake  erode  unstable  streambed  mate- 
rials in  the  Teton  River,  causing  high  turbidity.  Deep 
Creek  also  has  high  sedimentation  during  high  run- 
off periods. 

MIDDLE  MISSOURI  SUBBASIN 

The  Missouri  River  and  its  tributaries  from  Belt 
Creek  to  Fort  Peck  Reservoir  support  a  wide  variety  of 
uses  with  all  streams  classified  B-1  to  C-3. 

Water  quality  In  the  Middle  Missouri  Subbasin 
varies  from  high  quality,  mountain  spring  flows  to 
turbid,  nutrient-rich  waters  with  low  dissolved  oxy- 
gen levels. 
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Arsenic  has  been  sampled  in  the  Missouri  River 
near  Landuslqr  and  in  the  Musselshell  River  near 
Mosby  (USGS  1987).  Concentrations  of  7  to  16  \ig/ 
L  were  found  In  the  Missouri  near  Landuslqr.  In 
contrast,  less  than  1  ng/L  was  found  in  the  Mussel- 
shell near  Mosby.  Arsenic  concentrations  found  in 
the  Missouri  River  near  Landuslty  are  lower  than 
those  farther  upstream  because  arsenic  is  being  di- 
luted by  tributary  inflow. 

The  character  of  the  Missouri  River  changes  be- 
tween the  confluence  of  the  Marias  and  Teton  rivers 
downstream  to  Fort  Peck  Reservoir.  Water  quality 
gradually  deteriorates  as  water  temperatures  and 
sediment  concentrations  increase.  Total  suspended 
sediment  concentrations  at  low  flows  average  80  mg/ 
L,  which  Is  close  to  tolerance  limits  for  some  forms  of 
aquatic  life.  Average  TDS  concentrations  increase  to 
350  mg/L  and  during  periods  of  critical  low  flow  can 
exceed  the  limit  of  500  mg/L  for  drinking  water. 

Notable  water  quality  problems  in  the  Middle  Mis- 
souri Subbasln  are  sediment  and  salt  accumulations 
caused  by  Irrigation  return  flow,  poor  soU  conserva- 
tion practices,  saline  seep,  overgrazing,  and  natural 
processes.  The  Missouri  River  from  Belt  Creek  to  Fort 
Peck  Dam  is  aflected  by  sulfates  and  TDS. 

Alluvial  gravels  in  the  Judith  River  drainage  near 
the  Anderson  Bridge  contain  TDS  concentrations 
ranging  between  500  and  750  mg/L  (Aquoneering 
1988).  Saline  seeps  created  by  dryland  agricultural 
practices  drain  Into  the  Judith  River  and  cause  salin- 
ity problems. 

Recently,  timber  harvests  along  the  South  Fork 
Judith  River  have  Intensified  sedimentation.  Yogo 
Creek  has  received  considerable  slltatlon  from  min- 
ing activity.  Cottonwood  and  Beaver  creeks  have 
elevated  water  temperatures  during  critical  low  flow 
periods.  The  East  Fork  of  Big  Spring  Creek  has 
elevated  water  temperatures  fi-om  operation  of  a  flood 
control  impoundment. 

Water  quality  In  the  Musselshell  River  drainage 
varies  considerably.  In  the  upper  tributaries,  water 
quality  Is  generally  good.  On  the  main-stem  Mussel- 
shell River  farther  downstream,  flows  are  altered  by 
reservoir  operations  and  Intense  Irrigation  which 
cause  critical  low  flows,  high  water  temperatures, 
and  lowered  dissolved  oxygen  levels.  TDS  concentra- 
tions at  Harlowton  average  500  mg/L  during  low 


flows.  During  high  flow  periods  TSS  levels  reach  90 
mg/L.  Below  Shawmut  the  Musselshell  River  be- 
comes even  more  turbid,  water  temperatures  are 
higher,  and  average  TDS  concentrations  exceed  300 
mg/L.  Especially  high  sediment  loads  occur  during 
water  releases  from  Deadmans  Basin  Reservoir.  Low 
flow  periods  reduce  the  sediment  load  but  increase 
salt  concentrations. 

In  the  140  miles  from  Deadmans  Basin  to  Mosby 
the  water  quality  In  the  Musselshell  becomes  even 
further  degraded.  TDS  concentrations  near  Mosby 
can  reach  3,700  mg/L  while  TSS  levels  during  low 
flow  periods  range  between  100  and  1,400  mg/L. 
Stream  temperatures  reach  77  degrees  Fahrenheit 
and  dissolved  oxygen  levels  drop  below  the  5  mg/L 
necessary  to  sustain  aquatic  life.  Reservoir  storage, 
degraded  Irrigation  return  flows,  drought,  and  con- 
sumptive uses  combine  to  render  the  lower  river 
reaches  unacceptable  for  most  beneficial  uses.  Flows 
in  FlatwIUow  Creek  become  low  during  times  of  peak 
irrigation,  while  at  the  same  time  return  flows  con- 
tribute pollutants  and  sediment  Into  the  stream. 

The  Montana  Bureau  of  Mines  and  Geology  has 
studied  the  quality  of  water  In  coal  mines  near  the 
Musselshell  River  In  the  vicinity  of  Roundup 
(Wheaton  and  Van  Voast  1989;  Wheaton  1990). 
Appendix  E  shows  the  major  dissolved  constituents 
found  In  the  mine  water  samples.  The  water  chem- 
istry varies  between  mines,  with  the  Jeffrey  Mine 
having  the  lowest  level  of  dissolved  solids  and  the 
Roundup  #3,  Prescott,  and  Republic  #2  mines  hav- 
ing very  high  dissolved  solid  loads.  Comparing  these 
recent  analyses  with  older  analyses  shows  that  the 
water  quality  of  the  mines  has  changed  over  time, 
and  it  Is  llkefy  that  their  chemistry  is  still  evolving. 
Dissolved  solids  and  sulfate  levels  have  dramaticalfy 
increased  In  the  Republic  #1,  Republic  #2,  and 
Roundup  #3  mines,  and  presumably  the  Prescott 
mine.  Concentrations  of  other  constituents  and  so- 
dium absorption  ratios  have  also  increased. 

Water  quality  In  the  Jefirey  Mine  Is  similar  to  that 
of  the  surrounding  aquifer.  When  compared  to  the 
Musselshell  River,  dissolved  solid  and  sialfate  con- 
centrations in  the  Jeffrey  Mine  are  higher  than  those 
in  the  river  at  high  flows  but  lower  than  the  river 
concentrations  at  low  flows.  The  present  water  qual- 
ity of  the  Republic  #2,  Prescott,  and  Roundup  #3 
mines  is  poorer  than  that  of  the  Musselshell  River  at 
all  flow  levels  and  the  Jeffirey  Mine. 
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CLIMATE,  SOILS,  AND 
STREAM  CHANNEL  FORM 

CLIMATE 

Climate  in  the  Missouri  Basin  is  diverse,  primarlfy 
because  of  the  great  variation  in  altitude  and  loca- 
tion of  mountain  ranges.  Average  annual  precipita- 
tion in  the  basin  is  shown  on  Map  4-3.  The  length  of 
the  growing  season,  or  the  length  of  time  plants  are 
using  water,  is  Indicated  by  the  number  of  frost- 
free  days  on  Map  4-4. 


SOILS 


Headwaters  Subbasin 


Irrigation  projects  proposed  by  conservation  dis- 
tricts in  the  Headwaters  Subbasin  comprise  approxi- 
mately 23,000  acres  of  cropland  and  rangeland. 
Names  of  major  soils  series  are  presented  in  Appen- 
dix F.  The  soils  are  generally  well  drained,  sandy, 
gravelly,  and  cobbly  loams  and  silt  loams  high  in 
calcium  carbonate  and  low  in  organic  matter.  Soils 
on  upland  terraces,  fans,  and  benchlands  are  highly 
susceptible  to  wind  erosion  when  fallow  because  of 
their  exposed  landscape  position  and  sandy  loam 
textures.  Shallow  water  tables  restrict  drainage 
within  portions  of  the  study  area.  Poor  drainage  is 
associated  with  elevated  salt  levels. 

Upper  Missouri  Subbasin 

Approximately  27,000  acres  of  soils  may  be  af- 
fected by  water  reservations  in  the  Upper  Missouri 
Subbasin.  Most  of  these  projects  are  located  on 
three  distinct  landforms:  upland  alluvial  benches, 
sedimentary  uplands,  and  floodplains. 

Soils  on  upland  alluvial  benches  are  loams,  silt 
loams,  and  gravelly  loams.  They  are  low  in  organic 
matter,  high  in  calcium  carbonate,  and  highly  sus- 
ceptible to  wind  erosion.  The  gravelly  phases  of  these 
soils  hold  less  than  three  inches  of  water  available  to 
plants  and  have  rapid  permeability.  A  study  of 
groundwater  in  the  Townsend  Valley  (Lorenz  and 
McMurtrey  1956)  Identified  8.500  acres  of  water- 
logged soil  in  and  adjacent  to  the  Missouri  River 
floodplain.  According  to  the  study,  several  thousand 
acres  became  waterlogged  after  25  years  of  irrigation 
on  adjacent  alluvial  benchlands. 

Soils  developed  in  marine  sediments  on  stable 
upland  benches  have  surface  layers  rich  in  organic 
material,  have  subsoil  layers  of  accumulated  clay, 
and  can  hold  large  amounts  of  water.  The  crop  fallow 


system  of  dryland  farming  on  upland  benches  un- 
derlain by  marine  shales  has  led  to  excess  soil  mois- 
ture, deep  percolation  of  soil  water,  and  saline  seep 
development  where  percolating  groundwater  dis- 
charges to  the  surface. 

The  floodplain  soils  have  loam,  clay  loam,  and 
sandy  loam  surface  textures  with  stratified  sands 
and  gravels  as  subsoils.  Sandy  loam  surface  soils  on 
floodplains  are  susceptible  to  wind  erosion  when 
fallow.  Excessive  sodium  in  some  clay  loam  flood- 
plain  soUs  restricts  water  infiltration. 

Marias/Teton  Subbasin 

Approximately  68,000  acres  of  irrigation  devel- 
opment are  proposed  by  eight  conservation  districts 
in  the  Marias/Teton  Subbasin.  The  largest  portion 
of  this  area  lies  on  the  plain  formed  by  glaciers  north 
of  the  Missouri  River.  These  soils  are  typically  well 
drained,  have  low  permeability,  and  can  hold  large 
amounts  of  water  accessible  to  plants.  They  have 
been  highly  productive  under  a  winter  wheat  fallow 
crop  rotation  system.  In  parts  of  Chouteau  County, 
glacial  soils  are  extensively  covered  by  fine  sands  and 
sandy  loams  deposited  by  glacial  meltwater  or  wind. 
These  materials  have  higher  permeability  and  will 
hold  less  water  than  clay  loam  soils  developed  from 
glacial  till. 

A  second  extensive  group  of  soUs  in  the  Marias/ 
Teton  Subbasin  was  developed  from  shale  on  upland 
plains.  The  high  salt  content  of  the  shale  has  caused 
saline  seep  development  in  portions  of  the  subbasin 
where  crop  fallow  dryland  farming  allows  deep  per- 
colation of  excess  soil  moisture. 

The  Marias/Teton  Subbasin  also  contains 
projects  on  floodplains,  where  soils  are  similar  to  the 
loams  and  sandy  loams  listed  for  the  Headwaters 
and  Upper  Missouri  subbasins.  Shallow  soils  devel- 
oped from  sandstone  and  shale  occur  on  steep  ter- 
rain between  the  river  floodplains  and  adjacent  up- 
lands. Slopes  are  from  25  to  45  percent. 

Middle  Missouri  subbasin 

The  Fergus  County,  Judith  Basin,  and  Valley 
County  conservation  districts  are  proposing  approxi- 
mately 34,000  acres  of  irrigation  in  the  Middle  Mis- 
souri Subbasin.  Most  of  this  acreage  is  in  Valley 
County's  project  on  the  Glasgow  Bench  between  Fort 
Peck  Reservoir  and  the  Milk  River.  The  soils  have 
developed  in  glacial  till  and  fine-textured  meltwater 
alluvium. 
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Map  4-3.  Average  annual  precipitation  in  the  Missouri  River  basin 


Based  on  period  1953-1967. 

Source:  USDA  Soil  Conservation  Service.  Montana  Water  Resources  Board,  National  Weather  Service,  and  Montana  Crop  and  Livestock 
Reporting  Service,  1986. 


Map  4-4.  Expected  number  of  alfalfa  cuttings  per  year  based  on  length  of  frost  free  season 


Source:  Plant  and  Soil  Science  Departnient,  Montana  State  University,  Bozeman,  Montana,  1990. 
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Most  of  the  proposed  projects  In  Judith  Basin 
and  Fergus  counties  are  on  upland  terraces  and  on 
the  floodplalns  of  the  Missouri  and  Judith  River 
tributaries.  The  upland  soils  have  gravelly  loam 
textures  and  are  high  In  calcium  carbonate.  Their 
exposed  position  on  the  landscape  and  high  lime 
content  make  them  susceptible  to  wind  erosion.  The 
floodplain  soils  have  generally  finer  textures  than 
those  on  high  terraces  and  are  less  susceptible  to 
wind  and  water  erosion.  Finer  soils  have  larger  per- 
centages of  clay  that  form  stable,  erosion  resistant 
aggregates. 

STREAM  CHANNEL  FORM 

Besides  conveying  water,  streams  transport  sedi- 
ment. Sediments  can  move  down  a  stream  as  sus- 
pended particles  or  by  rolling,  sliding  and  bouncing 
down  the  stream  bottom.  The  physical  characteris- 
tics of  the  watershed  and  especially  the  types  of 
sediments  available  for  transport  will  determine  the 
characteristics  of  the  stream  chaimel. 

Stream  channels  in  the  Missouri  basin  have  a 
variety  of  physical  traits,  with  some  being  steep  and 
narrow,  others  broad  and  with  low  gradient.  Others 
have  any  number  of  variants  of  these  characteristics. 
However,  most  of  the  streams  In  the  Missouri  basin, 
whether  at  high  or  low  elevations,  follow  a  meander- 
ing pattern  with  water  flowing  through  alternating 
pools  and  riffles. 

The  forms  of  stream  channels  In  the  Missouri 
basin  are  Important  to  the  growth  of  aquatic  plants. 
Insects,  and  other  invertebrates  that  provide  forage 
for  fish  and  wildlife.  Such  life  also  Is  supported  by 
other  features  of  the  stream  channels,  such  as  boul- 
ders that  lower  water  velocity  and  streamslde  trees 
that  provide  shade.  Given  the  Importance  of  stream 
channel  form  to  aquatic  life  and  streamslde  habitat, 
much  attention  has  recently  been  given  to  determin- 
ing the  streamflows  necessary  to  maintain  channel 
form. 

It  is  sometimes  assumed  that  the  "bankfuU  dis- 
charge" is  primarily  responsible  for  forming  and  pre- 
serving the  stream  channel.  This  is  because  streams 
are  most  eflectlve  at  transporting  sediments  at  these 
flows,  and  because  bankfull  discharge  occurs  fre- 
quently enough  to  be  dominant  in  channel  forma- 
tion— bankfull  discharge  generally  occurs  every  one 
or  two  years.  However,  research  has  shown  that 
channel  characteristics  do  not  always  relate  to 
bankfull  discharge  (Knighton  1984).  This  suggests 


that  occasional  bankfull  flows  In  combination  with 
other  flows  throughout  the  year  are  Important  In 
forming  and  preserving  the  stream  channel. 

Human  activities  have  altered  channel  form  with 
subsequent  effects  to  aquatic  life  and  riparian  habi- 
tat. In  some  cases,  diverting  water  from  streams  has 
resulted  in  the  deposition  of  sediments,  growth  of 
vegetation,  and  a  subsequent  reduction  In  stream- 
channel  area  (Wesche  et  al.  1988).  On  the  other 
hand,  human-caused  Increases  In  streamflow  can 
cause  scouring  of  the  channel.  Damming  rivers  can 
also  affect  stream  channel  characteristics  down- 
stream (Knighton  1984).  Some  streams  have  been 
affected  by  the  use  of  rip-rap  and  other  measures 
Intended  to  stabilize  stream  channels. 

LAND  USE 

The  Missouri  River  drains  34.5  million  acres 
above  Fort  Peck  Dam  (Missouri  River  Basin  Commis- 
sion 1981)  (Map  4-5).  EX^en  though  land  use  has 
changed  considerably  over  the  last  century,  the 
amount  of  land  developed  for  most  uses  has  changed 
little  since  the  1950s  (Frey  and  Hexem  1985;  Fedklw 
1989).  In  Montana,  the  most  productive  land  was 
settled  first.  Intensive  uses  such  as  towns,  resi- 
dences, transportation  routes,  and  commercial  ar- 
eas were  developed  In  strategic  locations  near  water- 
ways. Unproductive  land  was  usually  left  undevel- 
oped (Alig  et  al.  1990;  Wall  1981). 

Transportation 

Transportation  corridors  link  the  major  cities  in 
the  basin.  The  Burlington  Northern  rail  line  crosses 
the  basin  from  Glasgow  to  Marias  Pass.  The  Mon- 
tana Rail  Link  passes  through  Bozeman,  Butte,  and 
Helena.  The  Union  Pacific  line  enters  Montana  at 
Monlda  and  extends  to  Butte.  Interstate  Highway  90 
crosses  the  basin  east/west,  and  Interstate  15  runs 
north  and  south  from  the  Canadian  line  north  of 
Shelby  to  the  Continental  Divide  at  Monlda.  Federal, 
state,  and  county  roads  link  all  cities  and  towns. 

POPULATION 

The  population  of  the  26  Missouri  basin  counties 
most  affected  has  increased  6  percent  over  the  past 
30  years,  from  317,000  in  1960  to  335,000  In  1990 
(Bureau  of  Census  1990)  and  Is  expected  to  be  stable 
or  decline  slightly  in  the  next  10  years  (Albert  et  al. 
1989).    The  population  Increase  over  the  past  30 
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Figure  4-6.  Population  trends  in  Missouri  basin  counties 
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years  is  substantially  less  than  the  U.S.  nationwide 
increase  of  37  percent  and  the  Montana  increase  of 
18  percent  during  the  same  period.  Eighteen  of  the 
26  counties  in  the  Missouri  basin  lost  population 
between  1960  and  1990. 

However,  population  trends  vary  widely  among 
the  four  subbasins.  The  Headwaters  Subbasin  grew 
by  22  percent  (Figure  4-6).  The  rapid  growth  in 
Gallatin  County  more  than  offset  population  declines 
in  Silver  Bow  County.  About  half  of  the  population 
increase  in  Gallatin  County  was  in  Bozeman  and 
Belgrade,  with  the  remainder  in  rural  Gallatin  Valley 
subdivisions.  Most  of  the  Silver  Bow  County  popula- 
tion loss  was  from  the  Butte  area,  which  receives 
much  of  its  water  from  the  Big  Hole  River.  The  Upper 
Missouri  Subbasin  population  increased  by  21  per- 
cent. Virtually  all  of  this  growth  was  in  rural  areas 
surrounding  Helena.  The  Marias/Teton  Subbasin 
population  declined  13  percent  between  1960  and 
1990.  Much  of  the  population  loss  was  from  rural 
areas  and  towns  with  fewer  than  2,500  people.  Over 


the  same  30-5^ar  period,  the  Middle  Missouri  Subba- 
sin counties  had  the  greatest  population  decline,  with 
a  28  percent  loss  from  the  1960  population  of  60,293 
to  43,860. 

The  laijgest  communities  In  counties  affected  by 
reservations  are  Great  Falls  (population  55,097), 
Butte/SilverBow  (population  33,336),  Helena  (popu- 
lation 24,596),  and  Bozeman  (population  22,660). 
Smaller  cities  with  2,500  to  20,000  people  include 
Havre,  Lewlstown,  Dillon.  Belgrade,  Glasgow,  Cut 
Bank,  Shelby,  and  Conrad.  All  of  these  cities  depend 
upon  a  river  or  stream  for  their  public  water  supply. 
Rural  subdivisions  and  residences  have  developed 
along  highways  and  rivers,  particularly  in  the  Gallatin 
and  Missouri  valleys. 

Land  Use  Planning 

The  types  and  extent  of  land  use  planning  vary 
widely  among  subbasins  and  jurisdictions.  Federal 
plans  Include  National  Forest  Land  and  Resource 
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Management  Plans  (Forest  Plans).  BLM's  Resource 
Area  Management  Plans  (RMPs).  and  USFWS's 
Refuge  Management  Plans.  Similarly,  statehood 
grant  land  is  classed  Into  other  use  categories  that 
specify  the  predominant  management  emphasis, 
such  as  timber,  grazing,  or  agriculture.  Currently, 
17  of  the  26  basin  counties  most  affected  by  reserva- 
tions have  adopted  a  comprehensive  county  land  use 
plan  (Montana  Department  of  Commerce  1989).  An 
additional  13  cities  have  comprehensive  city  plans 
that  can  include  provisions  for  influencing  land  uses 
up  to  4 '  /g  miles  from  the  city  limits.  All  three  Indian 
reservations  in  the  Missouri  and  Milk  River  basins 
(Blackfeet.  Fort  Belknap,  and  Roclqr  Boys)  have 
adopted  some  type  of  comprehensive  reservation  land 
use  plan  within  the  past  7  years. 

Other  areas  are  mEinaged  for  specific  designated 
uses.  Legislatively  designated  areas  include  national 
parks  and  monuments  (Big  Hole  Battlefield,  Glacier 
National  Park,  and  Yellowstone  National  Park);  na- 
tional wildlife  refuges  (Red  Rock.  Benton  Lake,  Wil- 
low Creek,  Plshkun,  Charles  M.  Russell,  UL  Bend, 
Lake  Mason,  and  War  Horse);  wilderness  areas  (Red 
Rock,  Anaconda-Pintlar,  Lee  Metcalf.  Gates  of  the 
Mountains,  Scapegoat,  Bob  Marshall,  and  UL  Bend); 
congressionally-deslgnated  wilderness  study  areas 
(Centennial  Mountains.  West  Pioneers.  Humbug 
Spires.  Gallatin  Divide-Hyalite,  Square  Butte,  Middle 
Fork  Judith,  and  Big  Snowy  Mountains):  and  a  wild 
and  scenic  river  (Missouri  Wild  and  Scenic  River^ 
Fort  Benton  to  Fred  Robinson  Bridge)  (see  Map  4-5). 

Cropland  Programs 

Four  major,  long-term  government  cropland 
programs  have  affected  land  use  patterns  in  the 
drainage.  The  first  of  these  was  the  Agricultural 
Adjustment  Program  In  the  1930s,  followed  by  the 
Pick-Sloan  Act  In  the  1940*s,  the  Soil  Bank  in  the 
1950s,  and  the  Conservation  Reserve  Program  (CRP) 
In  the  1980s  (Newman  1988).  The  Agricultural 
Adjustment,  Soil  Bank,  and  CRP  programs  retired 
excess  cropland,  while  Pick-Sloan  sought  to  provide 
low-cost  irrigation  water.  Virtually  all  of  the  crop- 
land retired  under  CRP  has  been  revegetated 
(Newman  1988). 

One-half  of  Montana's  cropland  (8  million  acres) 
Is  eligible  for  retirement  payments  under  CRP 
(Newman  1988).  In  mid- 1990.  approximately  2.7 
million  acres  ( 16  percent  of  Montana's  cropland)  had 
been  contracted  for  long-term  retirement  from 


production  under  CRP  (Patrick  1990).  Four  basin 
counties  (Garfield.  Golden  Valley.  Musselshell,  and 
Phillips)  had  reached  the  program's  limit  of  25  per- 
cent of  county  cropland  in  CRP. 

Wild  and  Scenic  Rivers 

At  present,  the  Upper  Missouri  Wild  and  Scenic 
River  between  Fort  Benton  and  the  Fred  Robinson 
Bridge  Is  the  only  designated  national  wild  and  sce- 
nic river  in  the  Missouri  basin.  Under  the  Wild  and 
Scenic  Rivers  Act.  a  river  is  classified  as  wild,  scenic, 
or  recreational,  depending  on  the  values  for  which  It 
was  designated.  Including  scenic,  recreational,  geo- 
logic, fish  and  wildlife,  historic,  cultural,  or  other 
values.  The  federal  government  generally  is  prohib- 
ited from  taking  actions  that  would  adversefy  affect 
the  values  that  qualify  the  river  for  inclusion  in  the 
system  (Utter  and  Schultz  1976).  However,  upstream 
and  downstream  water  developments  are  permitted 
if  they  do  not  deprive  the  designated  river  segment  of 
the  water  needed  to  maintain  Its  scenic,  recreational, 
and  fish  and  wildlife  values. 

The  WUd  and  Scenic  Rivers  Act  expressty  asserts 
the  existence  of  a  federal  reserved  water  right  for  an 
amount  necessary  to  preserve  and  protect  the  values 
for  which  the  river  was  designated.  The  1976  legis- 
lation designating  the  149-mile  section  of  the  Mis- 
souri River  from  Fort  Benton  to  the  Fred  Robinson 
bridge  as  a  part  of  the  Wild  and  Scenic  Rivers  System 
specifically  provided  that,  to  the  extent  consistent 
with  the  Wild  and  Scenic  Rivers  Act,  the  administer- 
ing agency  (Bureau  of  Land  Management)  may  per- 
mit pumping  facilities  and  pipelines  necessary  for 
future  agricultural  uses  outside  the  river  corridor 
(Public  Law  94-486).  BLM  has  identified  minimum 
Instream  fiows  necessary  to  protect  fish  and  aquatic 
habitat,  goose  nesting,  recreation,  and  channel  sta- 
bility (see  Table  4-16). 

The  U.S.  Forest  Service  (USFS),  through  its  plan- 
ning process,  has  identified  22  stream  segments 
eligible  for  wild  and  scenic  designation  on  national 
forest  land  in  the  Missouri  basin.  Including  1 1  seg- 
ments in  the  Headwaters  Subbasin,  8  in  the  Upper 
Missouri  Subbasin.  2  in  the  Marias/Teton  Subba- 
sin, and  1  in  the  Middle  Missouri  Subbasin  (Table  4- 
20).  At  present,  these  eligible  river  segments  are 
managed  to  protect  their  identified  outstanding  re- 
source values.  Within  the  next  10  years,  the  Forest 
Service  will  study  all  22  segments  to  determine  their 
future  management. 
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Missouri  River  Basin  Land  uses 

The  Missouri  basin  above  Fort  Peck  Dam  in- 
cludes 45.5  million  acres  (Table  4-21).  Private  land 
makes  up  about  two-thirds  of  the  drainage  area, 
ranging  from  79  percent  in  the  Meirlas/Teton  Subba- 
sin  to  45  percent  in  the  Headwaters  Subbasin.  State 
land  is  consistently  about  6  percent  of  each  subbasin 
area,  reflecting  the  state's  selection  of  about  two 
sections  per  township.  State  land  is  managed  pri- 
marily to  generate  revenue  for  funding  the  state 
school  sjTstem.    Federal  land  makes  up  about  29 


percent  of  the  total  drainage,  ranging  from  49  per- 
cent in  the  Headwaters  Subbasin  to  14  percent  In  the 
Marias/Teton  Subbasin. 

Missouri  basin  land  uses  have  followed  national 
and  regional  trends.  Approxlmatefy  25  percent  of 
the  drainage  is  in  forests,  parks,  and  wildlife  habitat 
areas,  with  the  bulk  of  this  land  concentrated  up- 
stream from  Great  Falls  (Table  4-22).  Most  of  the 
drcilnage  is  In  rangeland  and  grassland  pasture  (57 
percent),  with  the  majority  of  the  rangeland  located 


Table  4-21.  Missouri  basin  land  ownership 


Headwaters 

Upper  Missouri 

Marias/Teton 

Middle  Missouri 

Mssouri  basin  above  Fort  Peck  Dam 

Acres  of  Land 

Subbasin* 

Subbasin' 

Subbasin* 

Subbasin'* 

Total' 

Percent 

Private 

4,014,146 

3,955,362 

8,674.477 

12.856.058 

29,500,943 

65% 

State 

523,791 

326,591 

779.681 

1.180,938 

2.810.001 

6% 

Federal 

4,402,963 

1,947,167 

1 .553.202 

5.323,964 

13.227.196 

29% 

Total  Acreage 

8,940,800 

6,229.120 

11.007.363 

19.368,966 

45,546.249 

100% 

Source:  Montana  Department  of  Commerce  1985 

'  Includes  all  lands  within  ttie  26  counties  identified  in  Map  4-5. 

''  Also  includes  counties  in  the  Milk  River  basin. 


Table  4-22.  Missouri  basin  land  use 

—  Subbasins  

Missouri 

Headwaters 

Upper  Missouri 

Marias/Teton 

Middle  Missouri 

Drainage  Total 

L.and  Use  Category 

Thousand 

%o( 

Thousand 

%oi 

Thousand 

%o< 

Thousand 

%o( 

Thousand       %  of 

Acres 

Area 

Acres 

Area 

Acres 

Area 

Acres 

Area 

Acres          Area 

Forests,  parks  &  wildlife^ 

4193 

47% 

2.884 

46% 

1.022 

9% 

3.502 

18% 

11,601         25% 

Grassland  pasture  &  rangeland'' 

3.829 

43% 

2.554 

41% 

6.601 

60% 

13.101 

68% 

26,094        57% 

Cropland  total 

562 

6% 

542 

9% 

2.944 

27 

1.992 

10% 

6,031         13% 

Dryland'^ 

*125 

22% 

*371 

•68% 

*2.477 

•84% 

•1.636 

•82% 

•4,609       '76% 

irrigated"^ 

•384 

*68% 

*120 

•22% 

*189 

•6% 

•169 

•8% 

•853       •I  4% 

idle  and  pasture^ 

*53 

•9% 

*51 

*9% 

*278 

•10% 

•187 

•9% 

•569         ^9% 

Developed  residential  areas'' 

77 

0.9% 

122 

2% 

29 

0.3% 

45 

0.2% 

273       0.6% 

•65 

•113 

•13 

•17 

•208 

•13 

*9 

*16 

•28 

•65 

Special  uses  and  miscellaneous' 

280 

3% 

127 

2% 

411 

4% 

729 

4% 

1,547          3% 

Total 

8.941 

6.229 

11.007 

19,369 

45.546 

'    These  aaes  are  subcategories  of  ttie  above  more  inclusive  land-use  category. 

*    Estimated  from  Department  of  Commerce  1 985.  Includes  forests,  parks,  wilderness  areas,  eind  areas  administered  t>y  state  and  federal  wildlife  agencies 

'    Estimated  from  Department  of  Commerce  1 985. 

■    Includes  dryland  harvested  cropland  and  failed  cropland  (both  dryland  and  irrigated). 

'    Includes  irrigated  aaes  that  were  both  harvested  and  irrigated  rather  tfian  aaes  that  could  be  irrigated  or  that  were  irrigated  but  not  harvested. 

'    The  idle  and  pasture  aopland  aaeages  are  estimated  from  statewide  averages  and  do  not  include  aopland  enrolled  in  CRP. 

Estimated  from  statewide  averages.  Includes  defense  and  industrial  areas,  mines,  highways  and  transportation  areas,  marsties,  floodplains,  bad 
lands,  and  t>are  rock. 
Source:  Department  of  Commerce  1 985;  Montana  Crop  &  Livestock  Reporting  Service  1 989;  Frey  and  Hexem  1 985 
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downstream  from  Great  Falls.  Less  than  1  percent  of 
the  basin  Is  urban  or  residential.  Three  percent  of 
the  basin's  land  is  in  other  use  categories,  such  as 
transportation  corridors,  swamps,  small  lakes,  and 
bare  rock. 

Land  used  for  crops  includes  dryland  crops  (10 
percent  of  drainage),  harvested  irrigated  cropland 
(2  percent  of  drainage),  and  Idle  pasture/cropland 
(1  percent  of  drainage),  which  together  total  about  13 
percent  of  the  drainage.  Almost  all  of  the  dryland 
crop  acres  are  located  below  Great  Falls,  while  the 
majority  of  the  irrigated  acres  are  located  above  Great 
Falls  (Table  4-22  and  Map  4-6).  Total  harvested 
acreage  increased  1 8  percent  between  the  early  1 960s 
and  the  early  1980s  and  decreased  6  percent  in  the 
late  1980s  (Figure  4-7).  Irrigated  acreages  of  these 
crops  have  remained  relatively  constant. 

Over  half  the  irrigation  in  the  Missouri  drainage 
is  concentrated  in  five  counties — Beaverhead,  Madi- 
son, and  Gallatin  in  the  Headwaters  Subbasin  and 
Pondera  and  Teton  In  the  Marias/Teton  Subbasin 
(Map  4-6).  Most  of  the  irrigated  land  is  used  to  grow 


alfalfa.  Missouri  basin  alfalfa  j^elds  have  Increased 
from  2.5  tons  per  acre  in  the  mid-  1960s  to  about  3.0 
in  the  1980s  (Montana  Crop  and  Livestock  Reporting 
Service  1964  through  1989)  because  of  improved 
genetic  stock,  and  more  efficient  crop,  water,  and 
fertilizer  management  (Figure  4-8). 

Harvested  cropland  figures  throughout  this  EIS 
underestimate  total  Irrigated  land  because  they  do 
not  take  into  account  unharvested  land,  subtrrigated 
land,  and  land  receiving  occasional  water  spreading. 
Furthermore,  harvested  croplands  are  average  val- 
ues, whereas  total  Irrigated  acres  are  the  maximum 
ever  irrigated.  Irrigated  cropland  information  from 
the  Montana  Agricultural  Statistics  Service  (1964 
through  1989)  is  presented  to  show  relative  trends 
over  time  (Figure  4-7). 

Irrigated  alfalfa  acreage  in  the  basin  above  Fort 
Peck  has  averaged  about  135,000  harvest  acres  over 
the  past  20  years.  EXren  though  Irrigated  acreage  did 
not  Increase,  Irrigated  alfalfa  production  grew  24  per- 
cent over  the  past  25  years,  due  primarily  to  the 
increased  crop  )^elds  (Figure  4-8). 


Figure  4-7.  Annual  harvested  acres  of  alfalfa  hay, 
other  hay,  wheat,  oats,  and  barley  in  the  Missouri 
River  basin  above  Fort  Peck  Dam 


Figure  4-8.  irrigated  alfalfa  yield  trends  in  the 
Missouri  River  basin  above  Fort  Peck  Dam 
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Total  of  26  counties  In  the  Missouri  basin  above  Fort  Peck  Dam 

>  Alfalfa  and  other  hay  acreages  estimated  from  statewide  data 
b  Other  hay  acreages  estimated  from  statewide  data 

Source:  Montana  Crop  and  Livestock  Reporting  Service  1960  through  1989 
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Source:  Montana  Crop  and  Uvestock  Reporting  Service  1964  through  1989 
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Map  4-6.  Irrigated  areas 
In  the  Missouri  River 
basin  counties 
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Sources:  U.S.  Department  of  the  Interior— Geological  Survey  topographic  maps 
U.S.  Department  of  the  Army— Corps  of  Engineers  topographic  maps 
State  of  Montana— Montana  Water  Resources  Board 
State  of  Montana — Department  of  Natural  Resources  and  Conservation 
land  classification  maps 
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Figure  4-9.  Annual  harvested  acres  of  alfalfa  hay, 
other  hay,  wheat,  oats,  and  barley  in  the  Headwaters 
Subbasin 


Figure  4-10.  Annual  harvested  acres  of  alfalfa  hay, 
other  hay,  wheat,  oats,  and  barley  in  the  Upper 
Missouri  Subbasin 
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Broadwater,  Cascade,  Lewis  and  Clark,  and  Meagher  counties 

a  Alfalfa  and  other  hay  aaeages  estimated  from  statewide  data 
b  Other  hay  acreages  estitnated  from  statewide  data 

Source:  Montana  Crop  and  Livestock  Reporting  Servne  1960  through  1989 


HEADWATERS  SUBBASIN 

Land  In  the  Headwaters  Subbasin  is  used  In  the 
following  manner:  47  percent  for  forests,  parks,  and 
wUdllfe  management  and  areas,  43  percent  for  pas- 
ture and  rangelands,  and  6  percent  for  cropland.  Of 
the  cropland,  22  percent  Is  dry  cropland,  68  percent 
Is  Irrigated,  and  9  percent  is  in  pasture  or  Idle  (Table 
4-22).  Harvested  cropland  In  this  subbasin  has  av- 
eraged around  490,000  acres,  with  long-term  fluc- 
tuations of  up  to  15  percent  (Figure  4-9).  Irrigated 
cropland  has  averaged  about  360,000  harvested 
acres,  which  Is  68  percent  of  the  total  harvested 
cropland  In  the  subbasin. 

Upper  Missouri  Subbasin 

Land  in  the  Upper  Missouri  Subbasin  is  used  in 
the  following  manner  46  percent  for  forests,  parks, 
and  wildlife  management  areas;  41  percent  for  pas- 
ture and  rangeland;  and  9  percent  for  cropland.  Of 
the  cropland,  68  percent  Is  diy  land,  22  percent  Is 
irrigated,  and  9  percent  Is  pasttire  or  Idle  (Table  4- 
22).  Harvested  cropland  in  this  four-county  area 
increased  by  15  percent  from  the  late  1960s  to  the 


late  1980s  to  an  average  of  490,000  acres  (Figure  4- 
10).  Irrigated  harvested  cropland  Increased  by  19 
percent  between  the  early  1 960s  and  the  late  1970s, 
then  decreased  by  10  percent  In  the  late  1980s. 
Twenty-two  percent  of  the  subbasin  harvested  crop- 
land is  Irrigated.  Irrigated  alfalfa  acreage  declined  8 
percent  from  the  late  1960s  to  the  present.  However, 
total  alfalfa  production  Increased  by  7  percent  over 
the  same  period  as  a  result  of  alfalfa  yields  Increasing 
13  percent  (Figure  4-8). 

Marias/Teton  subbasin 

Land  in  the  Marias/Teton  Subbasin  is  used  as 
follows:  60  percent  for  pasture  and  rangeland;  27 
percent  for  cropland;  and  9  percent  for  forest,  parks, 
and  wildlife  management  areas.  Of  the  cropland,  84 
percent  is  dryland,  10  percent  is  pasture  or  Idle,  and 
6  percent  Is  Irrigated  (Table  4-22).  Harvested  crop- 
land has  remained  around  2.6  million  acres  since 
the  early  1970s,  a  10  percent  Increase  from  the  mid- 
1960s  (Figure  4-11).  A  recent  trend  shows  slight 
declines  in  cropland  from  the  peak  in  the  early  1 980s. 
Irrigated  cropland  acreage  has  been  stable  since  the 
mid-  1970s  (Figure  4-11). 
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Figure  4-11.  Annual  harvested  acres  of  alfalfa  hay, 
other  hay,  wheat,  oats,  and  barley  In  the  MarlasH'eton 
Subbasin 


Figure  4-12.  Annual  harvested  acres  of  alfalfa  hay, 
other  hay,  wheat,  oats,  and  barley  In  the  Middle 
Missouri  Subbasin 
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Blaine.  Fergus,  Garfield.  Golden  Valley.  Judith  Basin.  Musselshell. 
Petroleum.  Phillips,  Valley,  and  Wheatland  counties 

a  Alfalfa  and  other  hay  acreages  estimated  from  statewide  data 
b  Other  hay  acreages  estimated  from  statewide  data 


Source:  Montana  Crop  and  IJveskx:k  Reporting  Service  1960  through  1989  Source:  Montana  Crop  and  Livestock  Reporting  Service  1960  through  1989 


Irrigated  alfalfa  acreage  decreased  by  26  percent 
between  the  early  1970s  and  the  present,  while  total 
alfalfa  production  slid  only  19  percent  because  al- 
falfa yields  increased  12  percent  (Flgiare  4-8). 

Middle  Missouri  subbasin 

Land  In  the  Middle  Missouri  Subbasin  Is  used  in 
the  following  manner  68  percent  for  rangeland  and 
pasture;  18  percent  for  forests,  parks,  and  wildlife 
management  areas;  and  10  percent  for  cropland.  Of 
the  cropland,  82  percent  is  dryland,  9  percent  is 
pasture  or  idle,  and  8  percent  is  irrigated.  These 
figures  Include  lands  in  the  Milk  River  drainage  (Map 
4-6).  Harvested  cropland  has  averaged  1.7  million 
acres  since  the  early  1970s,  a  15  percent  increase 
over  the  1960s  (Figure  4-12).  Recent  trends  show  a 
slight  decline  in  harvested  acreages  during  the 
1980s.  Irrigated  cropland  acreage  also  has  declined 
slightly  since  the  early  1970s  (Figure  4-12). 

Irrigated  alfalfa  acreage  has  fluctuated  around 
112,000  acres  since  the  late  1960s,  while  total 
production  increased  by  23  percent.   Much  of  this 


increase  can  be  attributed  to  productivity  which  grew 
by  17  percent  (Figure  4-8). 

FISHERIES 
AND  AQUATIC  HABITAT 

streams  and  rivers  in  the  Missouri  River  basin 
support  a  diverse  fish  population.  Of  the  80  species 
offish  found  in  Montana,  about  55  are  found  in  lakes 
and  streams  of  the  Missouri  River  basin  above  Fort 
Peck  Dam.  Between  Morony  Dam  near  Great  Falls 
and  Fort  Peck  Reservoir,  the  river  makes  a  transition 
from  a  cold  water  fishery  to  a  warm  water  fishery. 
The  warm  water  flsheiy  of  the  lower  river  contains 
the  greatest  diversity  of  fish  with  39  species.  In 
contrast,  headwater  tributaries  often  support  only 
two  to  four  fish  species. 

Information  presented  in  the  following  sections 
comes  primarily  from  the  Rivers  Study  Fisheries 
Database  located  at  the  Montana  Natural  Resources 
Information  System  (MNRIS)  in  the  Montana  State 
Library.     Fisheries  value  class  ratings,  species 
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composition,  and  relative  abundance  of  fish  were 
obtained  from  this  source.  DFWP's  reservation  appli- 
cation (DFWP  1989)  was  used  to  determine  habitat 
conditions  and  additional  information  on  species 
composition.  Other  Information  sources  are  cited  in 
the  text. 

Species  of  Special  Concern 

The  Montana  Natural  Heritage  Program  (MNHP) 
inventories  flsh  species  that  are  rare,  threatened, 
endangered,  or  in  need  of  further  study  to  determine 
their  status.  Table  4-23  lists  the  flsh  species  that 
MNHP  has  identified  as  species  of  special  concern  in 
the  Missouri  River  basin  above  Fort  Peck  Dam  (DFWP 
1989).  Designation  of  special  concern  does  not  le- 
gally protect  these  fish,  but  does  indicate  their  rarity. 

Threatened  and  Endangered  Species 

Under  the  authority  of  the  Endangered  Species 
Act.  the  U.S.  Fish  and  Wildlife  Service  (USFWS)  listed 
the  pallid  sturgeon  as  an  endangered  species,  effec- 
tive October  9,  1990.  USFWS  also  is  considering 
listing  the  paddleflsh  as  a  threatened  species,  at  least 
in  part  of  its  range.  Both  these  flsh  are  found  in  the 
Missouri  River  downstream  from  Virgelle  and  are 
described  below. 

Regulations  implementing  the  Endangered  Spe- 
cies Act  mandate  that  a  decision  to  list  a  species  is 
based  solely  on  scientific  information  "Vithout  refer- 
ence to  possible  economic  or  other  impact  of  such 
determination."  The  act  prohibits  agencies  and  indi- 
viduals from  actions  harmful  to  an  endangered  spe- 
cies. Prohibited  activities  include  actions  that  may 
kill  or  injure  individuals  of  a  listed  species  by  altering 
or  degrading  habitat  or  by  Impairing  patterns  of  feed- 
ing or  breeding. 

USFWS  will  prepare  a  recovery  plan  for  pallid 
sturgeon  but  it  is  not  expected  until  late  1991  (Drier 
1990).  The  recovery  plan  will  contain  recommenda- 
tions for  federal  and  state  agencies  to  assist  in  the 
recovery  of  the  pallid  sturgeon. 

When  a  recovery  plan  is  Implemented,  all  federal 
agencies  must  use  their  authority  to  carry  it  out. 
Federal  agencies  must  consult  with  USFWS  to  en- 
sure that  any  action  they  authorize,  fund,  or  carry 
out  is  not  likely  to  harm  an  endangered  species  or 
designated  critical  habitat.  Such  actions  could  In- 
clude changing  dam  operations,  issuing  permits  that 
would  allow  an  Irrigation  project  to  proceed. 


Table  4-23.  Rsh  species  of  special  concern  in  the 
Missouri  River  Basin  above  Fort  Peck  Dam. 


mttHP 

UttlP 

State 

Global 

USFWS 

Spacteg 

Rai^ 

Rank^ 

Status' 

Pallid  sturgeon 

S1 

G1 

C1 

Paddlefish 

S2 

G4 

C3 

Montana  arctic  grayling 

81 

G5 

C2 

Westslope  cutthroat  trout 

S3 

G5 

— 

Sturgeon  chub 

S3 

G3 

C2 

SickeHin  chub 

S1 

G2 

C2 

Northern  redbelly-finescale  dace  S3 

G4 

— 

Blue  sucker 

S2 

G4 

C2 

"State  rank: 

51  =  Critically  Imperiled  In  Montana  because  of  extreme 

rarity  (5  or  fewer  occurrences,  or  very  few  remaining 
Individuals),  or  because  of  some  factor  of  Its  biology 
making  it  esF>eclally  vulnerable  to  extirpation  from  the 
state  (critically  endangered  In  Montana). 

52  =  Imperiled  In  Montana  t>ecause  of  rarity  (6  to  20  occur- 

rences) or  because  of  ottier  factors  demonstrably 
making  It  very  vulnerable  to  extirpation  from  tfie  state 
(endangered  species). 

53  =  Rare  in  Montana  (on  the  order  of  20+  occurrences) 

(threatened  in  Montana). 

'HStobal  rank: 

G1  =  Critically  Imperiled  globally  because  of  extreme  rarity 
(5  or  fewer  occurrences,  or  very  few  remaining  indi- 
viduals), or  because  of  some  factor  of  Its  biology  mak- 
ing It  especially  vulnerable  to  extinction  (critically  erv 
dangered  throughout  range). 

G2  =  Imperiled  globally  because  of  rarity  (6  to  20  occur- 
rences), or  t>ecause  of  other  factors  demonstrably 
making  It  very  vulnerable  to  extinction  througfxjut  its 
range  (endangered  throughout  range). 

G3  =  Either  very  rare  and  local  throughout  Its  range  or 

found  locally  (even  abundant  at  some  of  its  kx^ations) 
in  a  restricted  range,  or  because  of  ottier  factors  mak- 
ing it  vulnerable  to  extinction  throughout  its  range;  In 
the  range  of  21  to  100  occurrences  (threatened 
throughout  range). 

G4  =  Apparently  secure  globally,  ttiough  it  may  t>e  quite  rare 
in  parts  of  Its  range,  especially  at  the  periphery. 

G5  =  Oenr»nstrably  secure  glotally,  though  it  may  be  quite 
rare  in  parts  of  its  range,  especially  at  the  periphery. 

■^USFWS  status: 

01  =  Notice  of  Review,  Category  1  (substantial  biological 

information  on  file  to  support  the  appropriateness  of 
proposing  to  list  as  endangered  or  threatened). 

02  =  Notice  of  Review,  Category  2  (current  information 

indicates  ttiat  proposing  to  list  as  endangered  or 
threatened  Is  possibly  appropriate,  txit  sut>stanlial 
biological  Information  is  not  on  file  to  support  an  im- 
mediate ruling). 
C3  =  Taxa  ttiat  have  proven  to  tie  more  abundant  or  wide- 
spread than  was  previously  Iselieved,  or  ttiat  are  not 
subject  to  any  identifiable  threat. 

SOURCE:  Montana  Natural  Heritage  Program  1990 


88 


Figure  4-13.  Pallid  sturgeon  (Scaphlrhynchus  albus) 


Source:  Brown  1971.  Reprinted  with  penmisslon  from  the  Montana  State  University  Foundation. 


hydropower  licensing,  or  federal  funding  of  trrigation 
projects.  USFWS  can  prohibit  a  federal  action  or 
propose  an  alternative  course  of  action  that  would 
mitigate  the  impact  to  an  endangered  species  or  its 
critical  habitat.  Federal  agencies  may  apply  for  an 
exemption  to  the  requirements  of  the  Endangered 
Species  Act. 

Pallid  Sturgeon 

The  pallid  sturgeon  is  a  boneless  fish  that  can 
exceed  5  feet  in  length  and  weigh  more  than  60 
pounds  (Figure  4-13).  The  original  distribution  of 
the  pallid  sturgeon  Included  the  Mississippi  River 
and  large  tributaries  from  Iowa  to  Louisiana,  the 
Missouri  River  from  Great  Falls  to  the  mouth,  and 
the  Yellowstone  River  below  the  mouth  of  the  Tongue 
River  (Gilbraith  et  al.  1988).  Channelization  and 
damming  of  these  rivers  have  greatly  reduced  the 
migratory  range  of  this  fish.  Between  1876  and 
1983,  only  12  sightings  of  pallid  sturgeon  were  docu- 
mented on  the  Missouri  River  between  Fort  Peck 
Dam  and  Great  Falls  (Cope  1876;  Keenlyne  1989).  In 
1990  five  pallid  sturgeon  were  captured  in  the  Mis- 
souri River  below  Cow  Island  (Gardner  1990).  Over- 
fishing, damming  of  the  rivers,  hybridization  with 
the  shovelnose  sturgeon,  and  lack  of  reproduction 
are  thought  to  have  led  to  the  decline  of  this  species. 


Little  is  known  about  the  biology  and  habitat 
requirements  of  this  fish.  The  pallid  sturgeon  is  be- 
lieved to  spawn  in  flowing  water  in  the  spring,  though 
it  may  not  spawn  every  year.  No  small  pallid  stur- 
geon have  been  reported  above  Fort  Peck  Dam  in  the 
last  20  years,  indicating  that  natural  reproduction 
has  been  limited.  Preferred  habitats  of  sturgeon  are 
reported  to  be  flowing  water  over  sand  flats  and 
gravel  bars  where  they  can  eat  aquatic  Insect  larvae, 
mollusks,  and  small  fish  (Keenlyne  1989). 

PADDLEFISH 

The  paddleflsh  is  another  boneless  fish  native  to 
the  Missouri  and  Yellowstone  rivers  in  Montana  (Fig- 
ure 4-14).  The  largest  paddleflsh  on  record  in  Mon- 
tana weighed  131  pounds,  although  they  average  20 
pounds  and  50  inches  in  length  (Brown  1971).  Dur- 
ing spring  runoff,  paddleflsh  migrate  from  Fort  Peck 
Reservoir  up  the  Missouri  River  presumably  to 
spawn.  Berg  (DFWP  1989)  identified  nine  such 
paddleflsh  concentration  areas  between  Virgelle  and 
Fort  Peck  Reservoir. 

Though  paddleflsh  feed  only  on  microorganisms, 
they  can  be  caught  by  snagging  and  are  valued  for 
their  flesh  and  caviar.  Processed  paddleflsh  caviar 
can  be  sold  for  $300  to  $500  per  pound  commercially 
(Federal  Register  1990). 


Figure  4-14.  Paddleflsh  (Polyodon  spathula) 


Source:  Brown  1971.  Reprinted  with  permission  from  the  Montana  State  University  Foundation 
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Though  paddlefish  populatlohs  In  Montana  appear 
stable  (Peterman  1 990) ,  populations  In  other  states  have 
suffered  from  overfishing,  alteration  of  stream  channels, 
and  dams  that  block  spawning  migration. 

Arctic  Grayling 

The  arctic  grayling  is  a  member  of  the  trout  fam- 
ily and  native  to  Montana.  Its  large,  colorful  dorsal 
fin  distinguishes  it  from  other  Montana  trout.  The 
arctic  grayling  is  valued  as  a  game  fish,  reaching 
lengths  up  to  14  Inches  in  Montana.  Food  require- 
ments of  the  arctic  grayling  are  similar  to  other  trout 
except  that  It  rarely  eats  other  fish. 

The  arctic  grayling  was  native  to  two  areas  in  the 
lower  48  states:  Michigan,  where  it  is  now  extinct, 
and  in  the  Missouri  River  drainage  above  Great  Falls, 
where  it  was  once  abundant.  The  original  range  of 
the  stream-dwelling  grayling  has  been  greatly  re- 
duced and  is  now  limited  to  the  Big  Hole  River,  its 
tributaries,  and  the  Sun,  Red  Rock,  and  Madison 
rivers  in  Montana  (Brown  1971).  Arctic  grayling  also 
live  in  lakes  but  depend  on  flowing  water  for  spawn- 
ing. Lake-dwelling  grayling  are  abundant  and  ap- 
parently secure  in  Montana  and  other  western  states 
(Clark  et  al.  1989).  Although  the  cause  of  decline  In 
stream-dwelling  arctic  grayling  populations  has  not 
been  identified,  low  streamflows,  changes  in  land 
use.  and  the  introduction  of  non-native  species 
may  be  among  the  contributing  factors  (McMichael 
1990). 

Westslope  Cutthroat  Trout 

The  westslope  cutthroat  trout  is  native  to  Mon- 
tana west  of  the  Continental  Divide  and  in  the  Mis- 
souri River  and  its  tributaries  in  the  mountains  east 
of  the  Continental  Divide .  Genetically  pure  westslope 
cutthroat  trout  are  listed  by  MNHP  as  rare  in  Mon- 
tana. Westslope  cutthroat  trout  have  decreased  In 
numbers  due  to  several  factors:  hybridization  with 
non-native  rainbow  trout,  competition  from  intro- 
duced species,  overfishing,  and  habitat  alteration 
(Liknes  1984).  Although  the  current  range  of  the 
westslope  cutthroat  trout  is  still  being  determined,  it 
is  estimated  that  genetically  pure  westslope  cutthroat 
trout  populations  occupy  only  1 . 1  percent  of  their 
historical  range  In  Montana  streams  (Liknes  1984). 
Statewide,  westslope  cutthroat  trout  are  found  in 
256  lakes,  but  genetically  pure  populations  are  found 
in  only  16  lakes.  Fifteen  of  these  16  lakes  are  in 
Glacier  National  Park.  In  the  following  subbasin 
descriptions,  it  is  noted  where  populations  of  pure 
strain  westslope  cutthroat  trout  have  been  positively 
identified  by  laboratory  analyses. 


The  westslope  cutthroat  trout  Is  an  Important 
game  fish  in  Montana.  It  can  grow  as  large  as  16 
pounds  where  habitat  conditions  are  favorable 
(Brown  1971). 

Sturgeon  chub 

The  sturgeon  chub  is  a  member  of  the  minnow 
famify  and  Is  not  a  game  fish.  This  fish  lives  In 
medium  to  large  rivers  that  are  turbid  and  warm.  In 
areas  of  strong  current  with  a  sand  or  gravel  bottom 
(Lee  et  al.  1980).  It  grows  to  be  about  4  inches  long. 
Brown  (1971)  notes,  "This  minnow  is  uncommon  to 
rare  in  Montana  and  has  no  special  value  except  as 
an  Interesting  native  species." 

SicKLEFiN  Chub 

MNHP  (1990)  notes  that  the  sicklefin  chub  is 
critically  imperiled  in  Montana  and  rare  throughout 
the  rest  of  its  range.  The  sicklefin  chub  is  a  member 
of  the  minnow  family  and  may  grow  to  3.5  inches.  It 
has  been  found  along  the  lower  portion  of  the  Mis- 
souri River  above  Fort  Peck  Reservoir. 

Northern  redbelly-Finescale  dace  hybrids 

A  hybrid  fish  Is  produced  when  northern  redbelly 
dace  are  crossed  with  finescale  dace.  The  offspring  of 
this  cross  do  not  breed  conventionally,  but  use  a  repro- 
ductive process  In  which  egg  cells  are  stimulated  to 
divide  and  produce  copies  of  their  own  genes.  All  off- 
spring are  females.  These  hybrids  have  been  found  in 
three  locations  In  the  Missouri  River  basin  above  Fort 
Peck  Dam:  the  Musselshell  River  near  Delphia.  E:agle 
Creek,  and  Eureka  Reservoir  (Beer  1990). 

Blue  Sucker 

Though  secure  globally,  the  blue  sucker  Is  rare  in 
Montana.  It  has  been  found  in  the  Missouri  River 
below  Fort  Benton,  the  Marias  River,  the  lower  Judith 
River,  and  the  lower  portion  of  the  Yellowstone  River. 
Specimens  weighing  16  pounds  have  been  reported 
elsewhere,  but  most  In  Montana  weigh  less  than  7.7 
pounds(Brown  1971).  The  blue  sucker  is  not  a  game 
fish  in  Montana,  though  It  Is  said  to  be  highly  prized 
as  a  food  fish  in  some  areas  (Brown  1971). 

Headwaters  Subbasin 

Gallatin  river  Drainage 

Reservations  for  Instream  use,  consumptive  use, 
or  both  have  been  requested  on  25  streams  in  the 
Gallatin  River  drainage.  These  streams  support 
populations  of  trout  and  whitefish  (Appendix  G). 
Nongame  species  frequently  found  in  these  streams 
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Include  longnose  dace,  mottled  sculpln,  and  three 
species  of  suckers. 

Baker  Creek  provides  spawning  habitat  for  brown 
trout  from  the  Gallatin  River  (DFWP  1989).  The  east 
and  west  forks  of  Hyalite  Creek  provide  spawning 
habitat  for  arctic  grayling  from  Hyalite  Reservoir. 
The  state  record  arctic  grayling  was  caught  in  Hyalite 
Reservoir.  Besides  the  three  streams  where  spawn- 
ing has  been  confirmed,  rainbow  trout  from  the 
Gallatin  River  have  been  reported  to  congregate  in 
Spanish  and  Squaw  creeks,  and  in  the  West  Fork  of 
the  Gallatin  River  during  the  spring  (Nelson  1990). 
However,  spawning  has  not  been  confirmed  in  these 
streams.  North  of  Belgrade,  three  spring-fed  streams, 
Reese  Creek,  Thompson  Spring  Creek,  and  Ben  Hart 
Spring  Creek,  provide  relatively  stable  flows  and  tem- 
peratures and,  consequently,  stable  fish  habitat. 

Habitat  conditions  are  generally  good  in  the  head- 
water streams,  although  sediment  is  a  problem  in 
some.  Several  streams  in  the  Gallatin  Valley  suffer 
from  summertime  low  flows  (Table  4-2) .  Other  water 
quality  factors  that  may  be  affecting  fish  habitat  are 
discussed  under  Water  Quality. 

The  Gallatin  River  is  one  of  the  few  streams  in  the 
state  where  enough  information  is  available  to  show 
the  relationship  between  streamflow  and  trout  pro- 
duction. Figure  4-15  shows  that  reaches  of  the 
Gallatin  River  with  low  flows  have  fewer  adult  trout 
than  reaches  with  higher  flows. 

Madison  River  Drainage 

Reservations  are  requested  on  26  stream  reaches 
in  the  Madison  River  drainage.  Appendix  G  shows 
the  relative  abundance  offish  found  in  this  drainage 
and  the  fisheries  value  class  rating  for  each  stream. 
The  Madison  River  drainage  supports  populations  of 
rainbow,  brown,  brook,  and  a  few  cutthroat  trout. 
Nine  streams  have  mountain  whiteflsh,  and  four 
have  arctic  grayling.  Other  nongame  fish  species 
found  in  the  drainage  include  mottled  sculpins  in 
most  streams,  two  species  of  dace,  three  sucker  spe- 
cies, a  few  stonecats,  and  an  occasional  perch. 

The  Madison  River  is  nationally  known  as  an 
outstanding  fishery.  It  produces  abundant  wild  trout, 
and  angler  use  is  very  high  by  both  resident  and 
nonresident  fishermen. 

Stream-dwelling  arctic  grayling  are  found  year- 
round  in  Standard  Creek  and  the  Madison  River. 
Lake-dwelling  arctic  grayling  spawn  in  Moore  Creek 
and  the  South  Fork  of  Meadow  Creek.    Genetically 


pure  westslope  cutthroat  trout  are  believed  to  occur 
in  Standard  Creek,  but  laboratory  analysis  has  not 
been  performed  to  verify  their  genetic  purity. 

Trout  populations  in  the  Madison  River  and 
Hebgen,  Earthquake,  Cliff,  and  Ermis  lakes  depend 
on  tributary  streams  for  spawning  and  rearing  habi- 
tat. Table  4-24  indicates  the  tributaries  that  provide 
this  habitat. 

Four  spring  creeks  In  the  Madison  River  drain- 
age. Whiskey,  Black  Sand,  Blaine,  and  O'Dell  creeks, 
have  relatively  stable  flows  and  water  temperatures 
and,  consequently,  provide  a  type  offish  habitat  dif- 
ferent from  that  found  in  most  streams.  Blaine  Spring 
Creek  has  one  of  the  highest  trout  populations  of  any 
spring  creek  in  southwest  Montana. 

Reduced  flows,  sedimentation,  and  elevated 
water  temperatures  are  the  major  factors  affecting 
aquatic  habitat  in  the  Madison  River  drainage.  These 
factors  are  described  in  the  water  availability  and 
water  quality  sections.  Elevated  water  temperatures 
in  the  Madison  River  downstream  from  Erinis  Lake 
adversely  affect  both  aquatic  habitat  and  trout  popu- 
lations. Water  in  the  lake  is  relatively  shallow  and  is 
warmed  enough  by  the  sun  to  reduce  growth  in  trout 
downstream  after  its  release. 


Figure  4-15.  Relationship  between  the  itiinimum 
summer  fiow  (cfs)  and  the  estimated  numbers  and 
biomass  (ibs)  of  adult  trout  In  sections  of  the  Gallatin 
River  in  September,  1976  and  1977 
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Table  4-24.  Madison  River  tributaries  providing  spawning  and  rearing  habitat  for  game  fish 


Lake  or  stream  where 
spawning  run  originates 


Tributary  stream 


Fish  species  spawning 
In  tributary  streams 


Hebgen  Lake 


Earthquake  Lake 

Cliff  Lake 
Ennis  Lake 

Madison  River 


Black  Sand  Spring  Creek^ 
South  Fork  Madison  River^''' 
Cougar  Creek'' 
Duck  Creek 
Red  Canyon  Creek 
Watins  Creek^ 
Trapper  Creek^ 
Grayling  Creek 
Madison  River 

Cabin  Creek" 
Beaver  Creek" 

Antelope  Creek 

North  Meadow  Creek" 
Moore  Creek 

Cherry  Creek 

Elk  River" 

West  Fork  Madison  River" 

Hot  Springs  Creek 

Whiskey  Spring" 


Rainbow  trout,  cutthroat  trout,  brown  trout 
Rainbow  trout,  cutthroat  trout 
Brown  trout,  rainbow  trout 
Brown  trout,  rainbow  trout 
Cutthroat  trout,  rainbow  trout 
Cutthroat  trout,  rainbow  trout 
Cutthroat  trout,  rainbow  trout 
Cutthroat  trout,  rainbow  trout,  brown  trout 
Rainbow  trout,  brown  trout 

Rainbow  trout,  brown  trout,  cutthroat  trout 
Rainbow  trout,  brown  trout,  cutthroat  trout 

Rainbow  trout 

Rainbow  trout,  brown  trout 
Arctic  grayling 

Rainbow  trout",  brown  trout,  mountain  whitefish 
Rainbow  trout,  brown  trout 
Rainbow  trout,  brown  trout 
Brown  trout 
Brown  trout 


*  DFWP  is  trying  to  establish  a  wiW  cutthroat  trout  spawning  run  In  this  stream.  It  is  too  early  to  determine  the  success  of  this  stocking  effort. 
*>  A  spawning  run  is  believed  to  exist  but  has  not  been  confirmed. 


JEFFERSON  AND  BOULDER  RiVER  DRAINAGES 

Reservations  have  been  requested  on  1 1  stream 
reaches  in  the  Jefferson  and  Boulder  River  drain- 
ages. Appendix  G  shows  that  trout  are  common  or 
abundant  in  most  of  these  streams.  Nongame  fish 
found  In  these  streams  Include  mottled  sculplns, 
three  species  of  suckers,  and  three  members  of  the 
mirmow  family.  Halfway  Creek  is  the  only  stream  in 
this  drainage  known  to  support  native,  genetically 
pure  westslope  cutthroat  trout. 

Six  tributary  streams  in  this  basin  provide 
spawning  and  rearing  habitat  for  trout  from  the 
Jefferson  River  or  Willow  Creek  Reservoir.  (Table  4- 
25.)  Spawning  habitat  in  the  Jefferson  River  is 
thought  to  be  limited,  so  trout  in  the  river  depend  on 
spawning  habitat  In  tributaries  such  as  the  lower 
reaches  of  the  Boulder  River  and  Hells  Canyon  Creek. 
Brown  trout  move  up  the  lower  portion  of  the  Boul- 
der River  to  spawn,  and  special  fishing  regulations 
have  been  Instituted  to  protect  these  spawning  fish. 
Rainbow  trout  from  the  Jefferson  River  spawn  in  the 
lower  portion  of  Hells  Canyon  Creek,  which  may  be 


one  of  the  few  spawning  areas  available  to  rainbow 
trout  from  the  Jefferson. 

Beginning  In  1986  and  continuing  each  year  for 
three  years,  Trout  Unlimited  and  DFWP  planted  a 
wild  strain  of  rainbow  trout  in  Willow  Spring  Creek. 
It  Is  hoped  that  the  young  fish  will  move  down  Into 
the  Jefferson  River  to  mature  and  eventually  return 
to  the  creek  to  spawn. 

Willow  Creek  and  its  tributaries,  the  North  Fork  and 
the  South  Fork,  are  examples  of  successful  trout 
neintroduction  efforts.  Wild  strains  of  rainbow  trout 
were  Introduced  into  these  streams  and  Into  Willow 
Creek  Reservoir  In  an  effort  to  eliminate  the  need  to 
continually  restock  fish  in  the  reservoir.  Each  year  from 
1981  to  1987.  1.000  to  3,500  rainbow  trout  ascended 
these  creeks  to  spawn.  DFWP  collects  eggs  from  trout  in 
these  creeks  for  rearing  in  hatcheries  (DFWP  1989).  As 
many  as  1,000  brown  trout  fiDinthereservoir  also  spawn 
in  these  streams  (DFWP  1989). 

In  the  Jefferson  River  aquatic  habitat  has  been 
adversely  affected  by  sediment  and  severely  reduced 
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Table  4-25.  Jefferson  River  tributaries  providing  spawning  and  rearing  habitat  for  game  fish 


Lake  or  stream  where 
spawning  run  originates 


Tributary  stream 


Fish  species  spawning 
in  tributary  streams 


Jefferson  River 


Wiliow  Creels  Reservoir 


Hells  Canyon  Creek 
Willow  Spring  Creek^ 
Boulder  River  (Reach  3) 

South  Wiliow  Creek 
North  Willow  Creek 
Wiiiow  Creek 


Rainbow  trout 
Rainbow  trout 
Brown  trout 

Rainbow  trout,  brown  trout 
Rainbow  trout,  brown  trout 
Rainbow  trout,  brown  trout 


DFWP  is  trying  to  establish  a  rainbow  trout  spawning  run  in  this  streeim.  It  is  too  early  to  determine  the  success  of  this  effort 


summer  flows.  Toxic  metals  from  past  mining, 
streambank  erosion,  sediment,  severely  reduced 
summer  flows,  and  elevated  stream  temperature 
have  adversely  affected  aquatic  habitat  in  the  Boul- 
der River. 

Big  IHole  river  drainage 

Instneam  reservations  are  sought  on  46  streams 
In  the  Big  Hole  River  drainage.  Appendix  G  lists  fish 
species,  their  relative  abundance,  and  the  fisheries 
value  class  rating  for  each  stream  in  this  drainage. 
In  general,  the  Big  Hole  River  and  its  tributaries 
support  abundant  populations  of  brook,  rainbow, 
and  cutthroat  trout.  Burbot,  also  known  as  ling,  are 
present  in  many  streams.  Pure  strain  westslope 
cutthroat  trout,  a  species  of  special  concern,  have 
been  reported  in  Delano  Creek.  Arctic  grayling,  an- 
other species  of  special  concern,  are  present  in  sev- 
eral streams. 

The  Big  Hole  River  drainage  supports  a  renowned 
fishery  jind  is  hlghfy  valued  for  its  population  of 
native  stream-dwelling  arctic  grayling.  Spawning  by 
arctic  grayling  has  been  documented  In  the  following 
streams  in  the  Big  Hole  River  drainage:  Big  Hole 
River  and  Big  Lake.  Rock.  Steel.  Deep,  Terry,  and 
Swamp  creeks.  Swamp.  Big  Lake,  and  Rock  creeks 
provide  spawning  areas  for  grayling  that  live  in  the 
Big  Hole  River  (Spence  1990).  Besides  providing 
spawning  habitat  for  grayling.  Deep  and  Terry  creeks 
both  provide  spawning  habitat  for  rainbow  trout  from 
the  Big  Hole  River. 

Several  factors  limit  the  grayling  and  trout  fish- 
ery in  the  Big  Hole  drainage.  Severely  reduced 
streamflow  leads  to  increased  summer  water  tem- 
peratures and  decreased  dissolved  oxygen,  which 


may  reduce  production  of  aquatic  organisms.  Habi- 
tat alteration  caused  by  stream  charmel  stabilization 
and  construction  projects  limit  the  fishery  in  some 
areas.  Waste  from  past  mining  in  some  of  the  tribu- 
tary streams  may  limit  production  of  aquatic  insects 
and  fish. 

Ruby  River  Drainage 

Instream  reservations  are  sought  on  10  stream 
segments  in  the  Ruby  River  drainage.  Appendix  G 
identifies  the  fish  species  present  in  these  streams, 
their  relative  abundance,  and  the  fisheries  value  class 
rating  for  each  stream  In  this  drainage.  Trout  and 
whitefish  are  the  primary  game  fish  found  In  this 
drainage.  Nongame  species  include  stonecats,  long- 
nose  dace,  mottled  sculpins.  three  species  of  suck- 
ers, and  carp.  Westslope  cutthroat  trout  are  found  in 
Coal  and  Greenhorn  creeks,  but  laboratory  anafysis 
has  not  been  performed  to  determine  their  genetic 
purity. 

The  lower  reach  of  the  Ruby  River  provides 
spawning  habitat  for  brown  trout  from  the  Jefferson 
River,  some  of  which  migrate  from  as  far  downstream 
as  Three  Forks.  Given  the  lack  of  known  spawning 
areas  in  the  Jefferson  River,  the  spawning  habitat  in 
this  reach  of  the  Ruby  River  Is  Important. 

Warm  Springs  Creek  flows  Into  the  Ruby  River 
above  Ruby  Reservoir.  Because  the  waters  of  Warm 
Springs  Creek  are  warm  and  contain  high  concen- 
trations of  nutrients,  trout  populations  In  the  Ruby 
River  below  the  confluence  are  four-to-seven  times 
higher  than  in  other  reaches.  The  warm  water  helps 
prevent  icing  that  would  stress  fish  in  the  Ruby  dur- 
ing the  winter.  The  additional  nutrients  allow  more 
food  organisms  to  be  produced.  Aquatic  habitat  In 
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the  lower  portion  of  the  Ruby  River  siiffers  from  low 
flows,  while  aquatic  habitat  above  Ruby  Reservoir 
suffers  from  deposition  of  fine  sediments. 

Red  Rock  and  Beaverhead  drainage 

Appendix  G  Identifies  fish  species  present  In  the 
Red  Rock  and  Beaverhead  river  drainages,  their  rela- 
tive abundance,  and  the  fisheries  value  class  rating 
for  each  of  the  35  stream  reaches  where  reservations 
are  requested.  Trout,  whlteflsh,  and  arctic  grayling 
are  the  most  common  game  fish  in  this  drainage, 
though  a  few  burbot  also  are  found.  Nongame  spe- 
cies include  mottled  sculplns,  longnose  dace, 
stonecats,  four  species  of  suckers,  and  carp.  Two 
species  of  special  concern  are  found  In  this  drainage: 
westslope  cutthroat  trout  and  arctic  grayling. 

Most  arctic  grayling  In  the  drainage  live  in  Red 
Rock  lakes  and  spawn  in  their  tributaries.  Stream- 
dwelling  arctic  grayling  are  thought  to  exist  in  Odell 
Creek,  a  tributaiy  to  Red  Rock  lakes,  and  In  the 
reach  of  the  Beaverhead  River  below  E^st  Bench 
diversion  dam. 

Pure  strain  westslope  cutthroat  trout  are  thought 
to  occur  in  12  tributaries:  Jones.  Pete.  Indian.  Cabin. 
Simpson.  Shermon.  Frying  Pan,  Trapper,  Bear,  Rape, 
Brown's  Canyon,  and  Reservoir  creeks.  No  labora- 
tory analysis  has  been  performed  to  verify  the  genetic 
purity  of  fish  in  these  streams. 

Besides  providing  habitat  to  resident  fish,  many 
of  the  streams  support  essential  spawning  and  rear- 
ing habitat  for  game  fish  from  other  streams  and 


reservoirs.    Table  4-26  identifies  streams  used  for 
spawning  by  fish  from  other  areas. 

Poindexter  Slough,  the  most  noted  spring  creek 
In  the  Red  Rock/Beaverhead  drainage,  supports  sub- 
stantial populations  of  brown  and  rainbow  trout. 
Most  of  the  land  near  Poindexter  Slough  is  managed 
as  a  public  fishing  access  site. 

Until  recently,  the  Beaverhead  River  below  Clark 
Canyon  Dam  supported  numerous  brown  trout 
greater  than  4  pounds  and  large  numbers  of  smaller 
trout.  Sampling  in  1983  showed  that  this  portion  of 
the  Beaverhead  supported  one  of  the  largest  popula- 
tions of  trout  in  the  state.  Beglimlng  in  1988, 
droughts  and  severe  drawdowns  in  Clark  Canyon 
and  Lima  reservoirs  have  reduced  flows  and  de- 
creased trout  numbers  in  the  Beaverhead  River  be- 
low Clark  Canyon  (Spence  1988). 

Low  flows,  slltation,  metals  contamination,  and 
overgrazing  of  riparian  vegetation  are  among  the 
problems  that  have  adversely  affected  aquatic  habi- 
tat in  these  drainages. 

Upper  Missouri  Subbasin 

Missouri  River  -  Three  Forks  to  Holter  dam 

Reservations  are  sought  on  1 1  tributaries,  Holter 
Reservoir,  Canyon  Feny  Reservoir,  and  the  Missouri 
River.  The  predominant  game  fish  in  the  Missouri 
River  above  Canyon  Feny  are  still  whitefish  and 
trout,  but  walleye  have  been  Introduced  Into  Holter 
and  Hauser  reservoirs,  and  kokanee  salmon  are 


Table  4-26.    Red  Rock  and  Beaverhead  drainage  tributary  streams  providing  spawning  and  rearing  habitat  for 
game  fish 


Lake  or  stream  where 
spawning  run  originates 


Tributary  stream 


Fish  species  spawning 
in  tributary  streams 


Ciark  Canyon  Reservoir 


Red  Rocit  Lal<es 


Elk  Lake 

Unnamed  reservoir 
on  Pete  Creek 


Red  Rock  River  (reach  2) 
Horse  Prairie  Creek 

Red  Rock  Creek 
Tom  Creek 
Odell  Creek 

Narrows  Creek 


Pete  Creek 


Brown  trout,  rainbow  trout 
Brown  trout,  rainbow  trout 

Arctic  grayling,  cutthroat  trout,  rainbow/ cutthroat  hybrid  trout 
Arctic  grayling 
Arctic  grayling 

Arctic  grayling,  rainbow  trout,  cutthroat  trout,  rainbow/ 
cutthroat  hybrid  trout 

Westslope  cutthroat  trout 
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found  In  Canyon  Ferry,  Holter,  and  Hauser  reser- 
voirs (/^pendbcG).  Penchalsoarefoundlnallthreereser- 
volrs.  Smallmouth  bass  are  being  planted  in  Lake 
Helena,  which  is  connected  to  Hauser  Reservoir. 

Most  rainbow  trout  caught  from  Canyon  Ferry 
are  stocked,  but  about  5  percent  are  produced  natu- 
rally from  spawning  in  tributaries  to  the  reservoir 
(Lere  1990).  About  95  percent  of  the  rainbow  trout 
caught  in  gill  nets  set  by  DFWP  in  Hauser  Reservoir 
are  stocked  (Lere  1990).  with  the  remaining  5  percent 
originating  from  spawning  in  the  tributaries.  Brown 
trout  reach  trophy  size  in  the  three  reservoirs.  Brown 
trout  are  not  stocked  and  depend  on  spawning  in 
tributaries.  Kokanee  salmon  have  been  stocked  in 
the  past,  but  the  present  population  in  Hauser  Res- 
ervoir depends  on  natural  reproduction.  A  large 
number  of  kokanee  also  spawn  in  the  Missouri 
River  immediately  below  Canyon  Ferry  and  Hauser 
dams  during  the  fall.  Table  4-27  indicates  the  tribu- 
tary streams  used  for  spawning  by  fish  from  the 
reservoirs. 

The  Missouri  River  between  Toston  Dam  and 
Canyon  Ferry  Reservoir  is  nationally  known  for  pro- 
ducing large  rainbow  and  brown  trout  during  their 
spawning  runs.  Likewise,  the  3.5-mile  reach  be- 
tween Hauser  Dam  and  Holter  Reservoir  has  some  of 
the  densest  trout  populations  in  the  state  and  pro- 
vides spawning  habitat  for  large  rainbow  and  brown 
trout  from  Holter  Reservoir. 


Cutthroat  trout  are  present  in  several  streams 
(Appendix  E).  Because  most  of  these  streams  also 
have  rainbow  trout,  which  hybridize  with  cutthroat 
trout  (Liknes  1984),  it  is  questionable  whether 
genetically  pure  westslope  cutthroat  trout  are 
present.  Dewatering,  sediment  accumulation,  and 
past  mining  activities  have  all  affected  aquatic  habi- 
tat on  tributaries,  while  low  flows  and  dams  affect 
habitat  on  the  Missouri  River. 

Missouri  River  from  holter  dam 
TO  Belt  creek 

Between  Holter  Dam  and  Great  Falls,  instream 
or  consumptive  use  reservations  are  sought  on  the 
main-stem  Missouri  River  and  on  18  tributaries.  The 
diversity  and  poptilatlon  of  llsh  species  is  notably 
higher  in  the  Missouri  than  in  most  tributary 
streams.  Fish  more  characteristic  of  warmer  waters 
begin  to  appear  in  this  reach,  although  the  primary 
game  fish  are  still  trout  and  whlteflsh.  Appendix  G 
indicates  the  fish  species  and  relative  abundance 
found  in  this  portion  of  the  river  and  tributaries 
where  reservations  are  requested.  No  species  of  spe- 
cial concern  are  present  in  this  area. 

The  section  of  the  Missouri  River  from  Holter 
Dam  to  Cascade  is  rated  by  DFWP  as  a  Class  1  sport 
fishery.  This  portion  of  the  Missouri  River  supports 
abundant  rainbow  and  brown  trout  and  is  highly 
regarded  and  heavily  used  by  fisherman. 


Table  4-27.    Missouri  River  tributary  streams  providing  spawning  and  rearing  habitat  for  game  fish  in  Canyon 
Ferry,  l-lauser,  and  Holter  reservoirs 


Lake  or  stream  where 
spawning  run  originates 


Tributary  stream 


Fish  species  spawning 
in  tributary  streams 


Canyon  Ferry  Reservoir 


Hauser  Reservoir 


Hoiter  Reservoir 


Deep  Creels 
Ducl<  Creel< 
Confederate  Gulch 
Beaver  Creels 
Missouri  River 

Spol<ane  Creel< 
McGuire  Creel< 
Trout  Creels 
Pricl<ly  Pear  Creek 
Siiver  Creel< 
Beaver  Creek 

Cottonwood  Creek 
Wiiiow  Creek 
Missouri  River 


Rainbow  trout 
Rainbow  trout 
Rainbow  trout 
Rainbow  trout 
Rainbow  trout,  brown  trout 

Brown  trout,  kokanee  saimon,  mountain  wlnitefisii 

Brown  trout,  kokanee  salmon 

Rainbow  trout,  brown  trout,  kokanee  saimon 

Rainbow  trout,  brown  trout 

Rainbow  trout,  brown  trout,  kokanee  salmon 

Rainbow  trout,  brown  trout 

Rainbow  trout 

Rainbow  trout,  brown  trout 

Brown  trout,  rainbow  trout,  kokanee  saimon 
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Table  4-28.    Missouri  River  tributary  streams  providing  spawning  and  rearing  habitat  for  game  fish  between 
Holter  Dam  and  Great  Falls 


L^e  or  stream  where 
spawning  run  originates 


Tributary  stream 


Fish  species  spawning 
In  tributary  streams 


Missouri  River 


Littie  Prickly  Pear  Creet< 

Lyons  Creek 
Woif  Creek 
Wegner  Creek 
Stickney  Creek 


Rainbow  trout,  brown  trout,  white  suckers,  iongnose  suckers, 

mountain  whitefish 
Rainbow  trout,  brown  trout 
Rainbow  trout 
Rainbow  trout 
Rainbow  trout 


Trout  in  the  Missouri  River  between  Holter  and 
Great  Falls  spawn  In  side  channels  where  water 
depth  and  velocity  are  suitable.  Spawning  runs  of 
rainbow  and  brown  trout  have  been  documented  In 
these  side  channels  and  in  tributaries.  In  1988  It 
was  estimated  that  15,000  rainbow  trout  ascended 
Little  Prickfy  Pear  Creek  to  spawn  (DFWP  1989). 
Table  4-28  Identifies  Missouri  River  tributaries  be- 
tween Holter  Dam  and  Great  Falls  where  reserva- 
tions are  requested  to  protect  spawning  and  rearing 
areas  for  fish  from  the  Missouri  River. 

Low  flows  (Table  4-4)  during  dry  years,  removal 
of  riparian  vegetation,  and  road  construction  are 
among  the  activities  that  have  damaged  aquatic  habi- 
tat In  the  smaller  streams  in  this  area.  Low  flow 
problems  are  discussed  earlier  in  this  chapter. 

Dearborn  river  Drainage 

Reservations  are  sought  on  four  streams  and  on 
Bean  I^ake  in  the  Dearborn  River  drainage.  Appen- 
dix G  identifies  the  fish  species  present  in  the  four 
streams,  their  relative  abundance,  and  the  fisheries 
value  class  ratings  for  each  stream.  Streams  in  this 
drainage  support  populations  of  trout  and  whitefish, 
and  no  species  of  special  concern  have  been  fotmd. 

The  Dearborn  River  provides  significant  spawn- 
ing habitat  for  rainbow  trout  from  the  Missouri  River. 
Estimates  Indicate  that  approximately  20,000 
rainbow  trout  ascend  the  Dearborn  to  spawn  In  the 
spring  (DFWP  1989).  Mountain  whitefish  spawn  In 
the  Dearborn  during  the  fall. 

Bean  Lake  is  stocked  annually  with  40,000  rain- 
bow trout  fingerllngs.  These  trout  grow  quickly  and 
after  two  years  weigh  as  much  as  2.25  pounds. 
Fathead  chubs  and  white  suckers  are  also  found  In 
Bean  Lake. 


Streambank  alteration  and  low  flows  damage 
aquatic  habitat  In  the  Dearborn  River. 

SMITH  RIVER  Drainage 

Applications  have  been  filed  for  consumptive  or 
Instream  water  reservations  on  1 1  stream  reaches  In 
the  Smith  River  drainage.  Appendbc  G  Indicates 
streams  that  support  populations  of  trout,  whitefish, 
and  a  few  burbot.  Nongame  species  include  Iongnose 
dace,  mottled  sculplns,  three  species  of  suckers,  and 
an  occasional  carp  and  stonecat. 

The  westslope  cutthroat  trout  is  the  only  species 
of  special  concern  found  In  the  Smith  River  drainage. 
Laboratory  analysis  has  confirmed  that  pure 
westslope  cutthroat  are  found  In  the  North  Fork  of 
Deep  Creek.  Other  cutthroat  trout  are  found 
throughout  the  drainage,  but  they  may  have  inter- 
bred with  species  such  as  rainbow  trout,  producing 
hybridized  strains. 

Tenderfoot  Creek  Is  the  only  tributary  stream 
used  for  spawning  by  trout  from  the  Smith  River. 
Walsh  (1990)  reports  that  both  rainbow  and  brown 
trout  from  the  Smith  River  spawn  in  the  lower  por- 
tion of  Tenderfoot  Creek. 

Dewatering  is  one  of  the  major  factors  affecting 
aquatic  habitat  in  the  Smith  River  drainage .  Streams 
subject  to  low  flows  are  described  In  the  water  avail- 
ability section.  In  addition,  removal  of  streamslde 
vegetation  and  accumulation  of  fine  sediments  ad- 
versely affect  aquatic  habitat. 

Sun  River  Drainage 

The  Sun  River  flows  into  the  Missouri  River  at 
Great  Falls.  Appendix  G  identifies  the  fish  species 
found  in  streams  in  the  Sun  River  drainage  where 
reservations  are  sought,  their  relative  abundance. 
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and  the  fisheries  vEilue  class  of  each  stream.  Head- 
water tributaries  of  the  Sun  River  support  popula- 
tions of  trout  and  whlteflsh  and  lesser  numbers  of 
northern  pike,  burbot,  and  yellow  perch.  Nongame 
species  in  the  Sun  River  drainage  Include  mottled 
sculpins,  black  bullheads,  three  si)ecies  of  suckers, 
longnose  dace,  flathead  minnows,  and  carp.  No 
species  of  special  concern  are  found  on  streams 
where  reservations  are  sought  in  this  drainage. 

Several  storage  reservoirs  regulate  flows  In  this 
drainage.  The  Sun  River  experiences  severe  dewa- 
tering  above  Muddy  Creek  due  to  irrigation  diver- 
sions, despite  the  presence  of  upstream  storage  fa- 
cilities. Severe  low  flows  reduce  aquatic  habitat  and 
increase  stream  temperatures. 

Belt  creek  drainage 

Belt  Creek  flows  into  the  Missouri  River  about  2 
miles  below  Morony  Dam.  Reservations  are  sought  on 
eight  streams  in  this  drainage.  Appendix  G  Indicates 
the  relative  abundance  of  flsh  species  found  in  the 
Belt  Creek  drainage  and  the  fisheries  value  class  of 
each  stream  where  reservations  are  sought.  Trout 
and  whitefish  are  the  most  common  game  fish,  al- 
though lower  Belt  Creek  has  some  sauger.  Nongame 
flsh  in  the  drainage  include  goldeye,  carp,  longnose 
dace,  four  species  of  suckers,  and  mottled  sculpins. 
Except  for  pure  westslope  cutthroat  trout  in  Pilgrim 
Creek,  no  species  of  special  concern  are  found  in  this 
drainage.  ^ 

The  lower  portion  of  Belt  Creek  is  used  for  spawn- 
ing by  limited  numbers  of  rainbow  trout,  brown  trout, 
mountain  whitefish,  and  sauger  from  the  Missouri 
River.  The  13-mile  stretch  of  Belt  Creek  above  Big 
Otter  Creek  does  not  maintain  an  adequate  self- 
sustaining  trout  population  and  is  stocked  with  rain- 
bow trout.  This  reach  has  severe  low  flows  and 
substantial  flshlng  pressure. 


Big  Otter  Creek  relies  on  springs  for  much  of  its 
flow  and  has  a  flow  pattern  and  aquatic  community 
similar  to  those  of  a  spring  creek.  The  springs  help 
to  maintain  a  steadier  flow  regime  than  would  other- 
wise be  expected.  The  stream  is  fairly  productive  and 
provides  habitat  for  rainbow  and  brown  trout. 

Low  flows  and  water  quality  degradation  from 
past  mining  have  affected  aquatic  habitat  in  this 
drainage.  Some  of  the  flow  reduction  in  Belt  Creek 
occurs  naturally  as  water  from  the  stream  rechaiges 
the  groundwater  aquifer. 

Marias/Teton  Subbasin 

Marias  River  Drainage 

Reservations  are  sought  in  17  streams  in  the 
Marias  River  drainage  and  in  Antelope  Butte  Swamp. 
The  fisheries  value  class  of  each  stream  is  shown  in 
Appendix  G,  along  with  the  relative  abundance  of 
each  fish  species  present.  Tributaries  support  popu- 
lations of  whitefish  and  trout,  while  the  main-stem 
Marias  supports  much  more  diverse  fish  popula- 
tions. The  westslope  cutthroat  trout  is  the  only  spe- 
cies of  special  concern  that  resides  year-round  in 
this  drainage.  Westslope  cutthroat  trout  are  found 
in  the  North  and  South  forks  of  Dupuyer  Creek, 
North  and  South  Badger  creeks.  Badger  Creek,  and 
the  South  Fork  of  Two  Medicine  River.  The  blue 
sucker,  another  species  of  special  concern,  migrates 
from  the  Missouri  River  to  spawn  in  the  Marias  River. 
Antelope  Butte  Swamp  contains  a  species  of  minnow 
that  has  not  been  identified  (DFWP  1989). 

The  Marias  River  provides  spawning  and  rearing 
habitat  for  flsh  fitun  Tiber  Reservoir  and  the  Missouri 
River.  Table  4-29  lists  the  species  that  spawn  in  the  river. 

Tiber  Reservoir  supports  perch,  walleye,  north- 
em  pike,  white  sucker,  burbot,  carp,  spottall  shiner, 
rainbow  trout,  and  black  crapple  (Hill  et  al.  1989). 


Table  4-29.  Origin  of  flsh  species  spawning  In  tfie  Marias  River 


Lake  or  stream  where 
spawning  run  originates 


Tributary  stream 


Fish  species  spawning 
in  tributary  streams 


Tiber  Reservoir  (Lake  Elweii)      Marias  River  above  Tiber  Dam 


Missouri  River 


Marias  River  (between  the 
Missouri  River  and  Tiber  Dam) 


Walleye 

Shovelnose  sturgeon,  sauger,  walleye,  channel 
catfish,  blue  sucker,  smallmouth  buffalo,  bigmouth 
buffalo,  freshwater  drum 
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Data  presented  by  these  authors  Indicate  that  the 
size  of  walleye  In  the  reservoir  appears  to  be  related 
to  perch  populations.  Perch  spawn  in  shallow  areas 
of  the  reservoir,  and  young  perch  depend  on  sub- 
merged vegetation  for  survival.  Negotiations  are  tak- 
ing place  among  the  Bureau  of  Reclamation,  DFWP, 
Irrigators,  and  sportsmen  groups  to  plan  how  to 
supply  adequate  Irrigation  water  while  maintaining 
reservoir  levels  suitable  for  perch  spawning.  These 
same  groups  are  negotiating  releases  from  the  reser- 
voir to  optimize  water  temperatures  and  flow  levels 
for  the  rainbow  and  brown  trout  populations  below 
Tiber  Dam. 

Teton  river  drainage 

Appendix  G  Identifies  the  fish  species  found  In 
the  Teton  River  drainage,  the  relative  abundance  of 
fish  species  in  each  reach,  and  the  fisheries  value 
class  for  these  streams.  Fishery  inventories  on  Teton 
River  tributaries  have  shown  that  trout  and  moun- 
tain whiteflsh  are  the  most  common  game  fish.  Other 
game  fish  found  In  the  Teton  River  below  Choteau 
Include  shovelnose  sturgeon,  northern  pike,  chan- 
nel catfish,  burbot,  and  sauger,  but  these  species  are 
uncommon  or  rare.  Nongame  fish  include  goldeye, 
carp,  flathead  and  sturgeon  chubs,  emerald  shiners, 
fathead  minnows,  longnose  dace,  six  species  of  the 
sucker  family,  stonecats,  and  mottled  sculplns. 

The  blue  sucker  and  sturgeon  chub,  two  species 
of  special  concern,  inhabit  the  Teton  River  below 
Choteau.  Westslope  cutthroat  trout,  another  spe- 
cies of  special  concern,  are  thought  to  be  present  in 
three  tributary  streams,  the  North  Fork  of  Deep 
Creek,  South  Fork  of  Deep  Creek,  and  Deep  Creek, 
although  their  genetic  purity  has  not  been  confirmed 
by  laboratory  analysis.  Rainbow  trout  also  are  found 
In  these  streams  and  may  have  hybridized  with  the 
westslope  cutthroat  trout. 

The  bwer  portion  of  the  Teton  River  goes  dry,  which 
adversely  affects  the  fishery.  DFWP  has  not  applied  for 
Instream  reservations  In  the  tawer  Teton  River. 

Middle  Missouri  Subbasin 

Missouri  River  from  Belt  Creek 
TO  Fort  Peck  reservoir 

Reservations  are  sought  for  water  in  the  Missouri 
River  between  Morony  Dam  and  Fort  Peck  Reservoir 
and  from  four  small  tributaries  to  this  reach.  As 
indicated  in  Appendix  G,  this  portion  of  the  Missouri 
supports  the  most  diverse  fishery  in  the  basin  above 
Fort  Peck  Dam. 


Of  the  80  species  of  fish  reported  to  occur  in 
Montana  (Brown  1971),  39  are  found  In  this  reach, 
including  five  species  of  special  concern.  They  In- 
clude the  pallid  sturgeon,  paddlefish,  sturgeon  chub, 
sicklefln  chub,  and  blue  sucker.  A  few  pallid  stur- 
geon have  been  reported  in  Fort  Peck  Lake  and  In  the 
Missouri  River  upstream  from  the  lake  (Keentyne 
1989). 

Although  Montana  appears  to  have  a  healthy 
population  of  paddlefish,  USFWS  is  considering 
listing  the  paddlefish  as  a  threatened  species.  Paddle- 
fish are  rare  in  parts  of  their  historical  range  and 
possibly  extinct  in  some  states.  In  the  period 
running  generally  between  May  19  and  July  5, 
paddlefish  fi-om  Fort  Peck  Reservoir  migrate  up  the 
Missouri  River  presumably  to  spawn.  Berg  (1981) 
found  that  paddlefish  fi-om  the  reservoir  required  a 
fiow  of  15,302  cfs  for  48  days  in  the  Missouri  below 
Judith  River  before  they  would  migrate. 

Flows  In  this  part  of  the  Missouri  River  are  regu- 
lated by  upstream  reservoirs.  Present  levels  of  sum- 
mer water  withdrawal  on  the  main-stem  Missouri  do 
not  seriously  affect  aquatic  habitat  in  most  years. 
The  lower  portion  of  Highwood  Creek,  a  small  Mis- 
souri tributary,  is  dry  in  most  years. 

Judith  River  drainage 

Reservations  are  requested  on  2 1  stream  reaches 
in  the  Judith  River  drainage.  Appendix  G  indicates 
the  fish  species  found  in  these  streams,  the  relative 
abundance  of  fish  In  each,  and  the  fisheries  value 
class  of  each  stream.  Fishery  inventories  indicate 
that  trout  and  mountain  whltefish  are  the  most 
common  game  fish .  Other  game  fish  in  the  lower  part 
of  the  Judith  River  include  sauger.  channel 
catfish,  smallmouth  bass,  walleye,  and  burbot. 
Nongame  species  found  in  the  drainage  include 
goldeye.  Cisco,  four  minnow  species,  six  species  of 
sucker,  and  mottled  sculpln.  The  only  species  of 
special  concern  in  this  drainage  is  the  blue 
sucker,  which  migrates  from  the  Missouri  River  to 
the  Judith  River. 

Two  additional  streams,  Cottonwood  and  Big 
Spring  creeks,  provide  spawning  habitat  for  fish  from 
other  streams.  Brown  trout  from  the  lower  portion 
of  Big  Spring  Creek  spawn  in  Cottonwood  Creek 
Sauger  from  the  Judith  River  are  thought  to  spawn 
in  the  lower  portion  of  Big  Spring  Creek.  Low  flows 
adversely  affect  aquatic  habitat  in  portions  of  this 
drainage. 
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MUSSELSHELL  RIVER  DRAINAGE 

Reservations  are  sought  on  13  stream  reaches  In 
the  Musselshell  River  drainage.  Above  the  Deadmans 
Basin  diversion,  the  drainage  supports  fish  charac- 
teristic of  cold  water  streams;  trout  and  mountain 
whlteflsh  predominate.  A  transition  from  a  cold  water 
to  a  warm  water  fishery  takes  place  between  the 
Deadmans  Basin  diversion  and  the  Musselshell  di- 
version about  80  miles  to  the  east.  This  portion  of  the 
river  supports  sparse  populations  of  brown  trout, 
smallmouth  bass,  and  channel  catfish.  Below  the 
Musselshell  diversion,  the  river  supports  warm  water 
species,  including  sauger,  channel  catfish,  small- 
mouth  bass,  blackbullhead,  northern  pike,  and  wall- 
eye. Appendix  G  identifies  the  fish  species  found  in 
streams  in  the  Musselshell  drainage  where  reserva- 
tions are  requested,  the  relative  abundance  offish  in 
each  stream,  and  the  fisheries  value  class  of  each 
stream. 

The  only  fish  species  of  special  concern  In  this 
drainage  is  the  northern  redbelly-flnescale  dace  hy- 
brid. These  fish  were  first  identified  in  1985  in  the 
Musselshell  River  about  16  miles  east  of  Roundup 
(DFWP  1989). 

TTiere  Is  no  documentation  of  fish  moving  from 
the  Musselshell  River  to  spawn  in  tributaries.  How- 
ever, the  South  Fork  of  the  Musselshell  may  provide 
spawning  habitat  in  very  high  flow  years  if  brown 
trout  can  move  past  an  irrigation  diversion  structure 
near  the  mouth.  Big  Elk  Creek  also  may  provide 
spawning  habitat  for  brown  trout  from  the  Mussel- 
shell River. 

The  main  factors  affecting  aquatic  habitat  in  the 
Musselshell  drainage  are  low  flows  caused  by  with- 
drawals, siltatlon,  increased  salinity,  and  addition  of 
nutrients. 

Fort  peck  Reservoir  and  Tributaries 

Reservations  are  sought  fi-om  Fort  Peck  Reser- 
voir and  two  small  tributaries.  Big  Dry  Creek  and 
Little  Dry  Creek.  The  reservoir  supports  a  diverse 
population  of  native  and  Introduced  species  as  shown 
in  Appendix  G.  Big  Dry  and  Little  Diy  creeks  do  not 
flow  during  parts  of  the  year.  However,  spring  runoff 
occasionally  is  high  enough  to  allow  fish  to  migrate 
from  Fort  Peck  Reservoir.  Walleye  spawn  in  the 
streams  when  spring  runoff  permits.  Young  walleye, 
charmel  catfish,  and  nongame  species  also  have  been 
found  in  these  streams  near  their  mouths. 


WILDLIFE 

WildUfe  habitat  in  the  Missouri  River  subbasins 
upstream  from  Fort  Peck  Dam  is  some  of  the  most 
productive  and  diverse  in  North  America.  This  habi- 
tat supports  species  typical  of  the  northern  Great 
Plains  and  Rocky  Mountains.  Animals  such  as 
coyote,  mule  deer,  and  red-tailed  hawk  are  widely 
distributed,  whereas  others  such  as  sage  grouse, 
sharp-tailed  grouse,  and  pronghom  demonstrate 
specific  habitat  preferences.  Mule  deer,  white-tailed 
deer,  elk,  and  pronghom  exhibit  seasonal  habitat 
and  range  restrictions  for  wintering,  breeding,  and 
migration. 

Riparian  areas  have  the  greatest  diversity  of 
breeding  birds  of  any  habitat  in  the  basin.  Many 
species  such  as  saw-whet  owl,  great  homed  owl,  red- 
tailed  hawk,  double-crested  cormorant,  and  great 
blue  heron  nest  in  deciduous  trees  and  shrubs  along 
major  rivers  and  streams.  Nesting  colonies  of  double 
crested  cormorants  and  great  blue  heron  are  found 
in  stands  of  mature  cottonwood  and  cottonwood 
snags  throughout  the  Missouri  River  subbasins. 
Sandhill  cranes  nest  and  feed  in  riparian  areas,  wet 
meadows,  and  pastures  primarily  in  the  Upper  Mis- 
souri and  Headwaters  subbasins. 

Waterfowl  typically  breeding  in  the  Missouri  River 
Basin  include  mallard,  Canada  goose, ^blue-winged 
teal,  and  common  merganser.  All  the  major  rivers 
In  the  Missouri  River  subbasins  provide  important 
nesting  habitat  for  Canada  geese  and  ducks.  DFWP 
found  approximately  1,750  goose  nests  on  the  Mis- 
souri River  between  Three  Forks  and  the  Fred 
Robinson  Bridge  fTable  4-30) .  Other  important  goose 
nesting  areas  are  the  Marias  River,  both  above  and 
below  Tiber  Reservoir;  the  Jefferson  River  between 
Cardwell  and  Waterloo;  and  the  lower  Madison  River. 


Table  4-30.  Number  of  goose  nests  observed  on  the 
Missouri  River 


River  reacli 

Number  of  nests 

Three  Forks  to  Townsend 

150 

Canyon  Ferry  Game  Management  Area 

451 

Hotter  Lake  to  Great  Falls 

629 

Morony  Dam  to  Fred  Robinson  Bridge 

522 

TOTAL 

1.752 
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Islands  are  critical  nesting' areas  because  sur- 
rounding water  protects,  against  predators.  A  major 
waterfowl  production  area  has  been  constructed  on 
the  upper  end  of  Canyon  Ferry  Reservoir  by  BUREC 
and  DFWP.  A  series  of  dikes  and  ditches  and  over 
330  man-made  nesting  Islands  provide  nesting  sites 
for  more  than  400  pairs  of  Canada  geese  and  numer- 
ous ducks.  Low  water  levels  during  drought  years 
have  exposed  goose  and  duck  nests  to  predatlon  by 
foxes,  skunks,  raccoons,  and  other  predators. 

Osprey  nest  in  snags  In  or  near  riparian  areas 
and  prey  on  fish  In  rivers,  streams,  and  reservoirs  In 
the  Missouri  River  basin.  A  large  osprey  population 
nests  along  the  Missouri  River  from  Great  Falls  up- 
stream to  Three  Forks. 

Intermontane  grasslands  and  shrublands  In  the 
Headwaters.  Upper  Missouri,  and  Marias/Teton  sub- 
basins  provide  year-round  habitat  for  mule  deer, 
pronghom,  sharp-tailed  grouse,  sage  grouse,  prairie 
falcon,  ferruginous  hawk,  and  Swalnson's  hawk. 
Both  sharp-tailed  grouse  and  sage  grouse  return 
year  after  year  to  the  same  sites  (i.e.,  leks),  where 
courtship  and  breeding  take  place.  SharptaU  leks 
typically  are  located  in  native  grasslands,  with  nest- 
ing often  occurring  Avlthln  a  mile  of  a  lek  in  dense 
stands  of  grasses  and  shrubs.  Sage  grouse  typi- 
cally nest  in  sagebrush/grasslands  within  1  to  3 
miles  of  leks. 

Sage  grouse  are  always  associated  with  big  sage- 
brush, a  primary  winter  food  and  nesting  habitat. 
Wintering  areas  located  on  large,  flat  expanses  of 
sagebrush  tall  enough  to  remain  partially  exposed 
above  the  snow  are  critical  habitat  for  sage  grouse. 

Mammals  associated  with  aquatic  and  riparian 
ecosystems  include  river  otter,  beaver,  muskrat, 
mink,  and  raccoon.  These  species  are  found  through- 
out the  Missouri  River  basin. 

Pronghom  occur  throughout  the  basin  in  sage- 
brush/grasslands. The  primary  winter  food  for 
pronghom  is  sagebrush,  whereas  forbs  {both  native 
plants  and  agricultural  crops)  are  important  during 
other  seasons. 

White-tailed  deer,  although  wldefy  distributed  in 
Montana,  attain  their  highest  population  densities 
where  riparian  areas  are  interspersed  with  agricul- 
tural lands.  All  the  major  river  valleys  in  the  Missouri 
River  subbaslns  have  large  populations  of  whltetails. 
Intermontane  valleys  In  the  Headwaters  and  Upper 
Missouri  subbaslns  provide  winter  range  for  mule 


deer,  white-tailed  deer,  and  elk.  Mule  deer  and  elk 
typically  migrate  to  lower  elevations  when  snow  be- 
comes deep  in  the  mountains.  Winter  range  in  the 
Headwaters  and  Upper  Missouri  subbaslns  gener- 
ally is  in  narrow  bands,  bounded  by  high  snowfall 
areas  In  the  mountains  upslope  and  valley  bottoms 
with  urban  and  agricultural  activities  at  lower  eleva- 
tions. Winter  range  Is  the  most  important  seasonal 
habitat  because  It  Is  limited  In  area  and  has  been 
eliminated  or  reduced  by  competing  land  uses  such 
as  residential  subdivisions  and  agriculture. 

Winter  ranges  In  the  prairie  portions  of  the 
Marias/Teton  and  Middle  Missouri  subbaslns  are 
usually  relatively  large  areas  of  land  with  a  diversity 
of  slopes,  aspects,  and  topographic  features.  Winter 
range  in  these  areas  often  is  part  of  the  year-round 
habitat. 

Big  game  also  forages  on  agricultural  crops, 
which  has  been  a  problem  throughout  the  Missouri 
River  subbaslns.  Typically,  game  depredation  on 
crops  occurs  where  wintering  animals  are  close  to 
haystacks  and  crop  fields.  Elk  and  deer  often  break 
down  haystacks  and  eat  hay  during  the  winter  and 
are  attracted  in  spring  to  the  succulent  early  season 
growth  in  irrigated  hayflelds  and  dryland  grain  fields. 
Pronghom  antelope  often  are  attracted  to  both  hay 
and  grain  fields  in  spring  and  early  summer. 

Species  of  Special  Concern 

DFWP  has  identified  vertebrate  species  of  special 
concern  (Flath  1984)  that  are  known  or  suspected  to 
live  in  the  Missouri  River  study  area.  These  species 
Include  animals  listed  under  the  Federal  Endangered 
Species  Act  of  1973,  as  amended,  and  other  species 
designated  as  rare.  In  need  of  additional  research,  or 
requiring  special  management.  Table  4-31  lists  sen- 
sitive species,  their  status,  and  possible  presence 
within  the  Missouri  River  basin. 

Of  the  47  wOdllfe  species  of  special  concern  iden- 
tified for  the  Missouri  River  study  area,  about  14 
would  be  expected  to  live  in  riparian  areas  or  on 
upland  grasslands  and  sagebrush-grasslands  (I.e., 
lands  likely  to  be  affected  by  Irrigation  development 
projects)  (Table  4-32).  Threatened  and  endangered 
species,  listed  under  the  Endangered  Species  Act  of 
1973,  that  could  be  present  on  lands  affected  by 
irrigation  projects  are  grizzly  bear,  gray  wolf,  bald 
eagle,  peregrine  falcon,  whooping  crane,  least  tern, 
and  piping  plover.  In  the  past,  the  endangered  black- 
footed  ferret  was  a  Montana  resident,  but  It  is  thought 
to  be  extinct  In  the  state. 


100 

Table  4-31 .  Species  of  special  concern  known  to  occur  In  the  Missouri  River  subbaslns 
Species  Status  Location  in  Subbasin 


Grizzly  bear 
Wolverine 
Lynx 
Wolf 

Hoary  marmot 
Spotted  skunl< 
Blacktailed  prairie  dog 
Preble  shrew 
Dwarf  shrew 
Merriam  shrew 
Fringed  bat 
Big-eared  bat 
Dakota  toad 
Snapping  turtle 
Spiny  softshell  turtle 
Milk  snake 

Plains  hognose  snake 
Osprey 
Bald  eagle 
Cooper's  hawk 
Northern  goshawk 
Ferruginous  hawk 
Golden  eagle 
Merlin 

Peregrine  falcon 
Whooping  crane 
Upland  sandpiper 
Long-billed  curlew 
Burrowing  owl 
Long-eared  owl 
Mountain  plover 
Northern  saw-whet  owl 
Olive-sided  flycatcher 
Eastern  bluebird 
Dickcissel 

Clay-colored  sparrow 
Bobolink 
l-larlequin  duck 
Pileated  woodpecker 
Barred  owl 
Northern  pygmy  owi 
Great  gray  owl 
Westem  bluebird 
Brewer's  sparrow 
Least  tern 
Piping  plover 


Threatened 

Undetermined 

Undetermined 

Threatened 

Common 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Rare 

Rare 

Common 

Endangered 

Undetermined 

Undetermined 

Rare 

Common 

Undetermined 

Endangered 

Endangered 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Rare 

Undetermined 

Undetermined 

Rare 

Rare 

Undetermined 

Undetermined 

Rare 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Rare 

Undetermined 

Endangered 

Threatened 


l-ieadwaters.  Upper  Missouri,  Marias/Teton 

Headwaters,  Middle  Missouri,  Upper  Missouri,  Marias/Teton 

Headwaters,  Upper  Missouri,  Marias/Teton 

Upper  Missouri,  Marias/Teton,  Mkidle  Missouri 

Upper  Missouri,  Marias/Teton 

Headwaters 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Marias/Teton,  Middle  Missouri 

Marias/Teton,  Middle  Missouri 

Marias/Teton,  Middle  Missouri 

Headwaters 

Headwaters,  Marias/Teton,  Middle  Missouri 

Marias/Teton,  Middle  Missouri 

Middle  Missouri 

MkJdIe  Missouri 

Mkjdie  Missouri 

Middle  Missouri 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Upper  Missouri,  Middle  Missouri 

Headwaters,  Upper  Missouri,  Marias/Teton 

Headwaters,  Upper  Missouri,  Marias/Teton 

Middle  Missouri 

Marias/Teton 

Headwaters,  Upper  Missouri,  Marias/Teton 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Upper  Missouri,  Marias/Teton 

Upper  Missouri,  Marias/Teton 

Upper  Missouri,  Marias/Teton 

Headwaters,  Upper  Missouri,  Marias/Teton 

Headwaters,  Upper  Missouri,  Marias/Teton 

Headwaters,  Upper  Missouri,  Marias/Teton 

Headwaters,  Upper  Missouri,  Marias/Teton,  Middle  Missouri 

Middle  Missouri 

Middle  Missouri 


Source:  Flath  1984 
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Table  4-32.  Sensitive  species  that  might  be  found 
In  vegetation  communities  likely  to  t>e  affected  by 
irrigation  development  projects 


Species 


Habitat 


Blacktailed  prairie  dog 
Merriam  shrew 
Osprey 
Bald  eagle 
Ferruginous  hawk 
Golden  eagle 
Upland  sandpiper 
Long-billed  curlew 
Burrowing  owl 


Mountain  plover 
Bobolink 

Brewer's  sparrow 
Least  tern 
Piping  ptover 


Sagebrush-grasslands 
Sagebrush-grasslands 
Riparian  areas  (nesting) 
Riparian  areas  (nesting) 
Sagebrush-grasslands  (nesting) 
Sagebrush-grasslands 
Sagebrush-grasslands  (nesting) 
Sagebrush-grasslands  (nesting) 
Sagebrush-grasslands  (often 

nesting  in  association  with 

prairie  dogs) 
Sagebrush-grasslands  (nesting) 
Sagebrush-grasslands  (nesting) 
Sagebrush-grasslands  (nesting) 
Riparian  areas  (nesting) 
Riparian  areas  (nesting) 


The  grizzly  bear  Is  restricted  to  mountainous 
terrain  In  northwestern  Montana  and  In  south  cen- 
tral Montana  near  Yellowstone  National  Park.  His- 
torically, the  range  of  grizzly  bear  included  the  plains 
of  eastern  Montana.  Grizzly  bears  In  Montana  still 
use  the  grasslands,  riparian  areas,  and  foothills  along 
the  Roclq^  Mountain  front.  The  Rocky  Mountain 
front  is  the  only  area  In  the  United  States  where 
grizzlies  use  both  mountains  and  plains.  Grizzly 
bear  habitat  Is  located  near  potential  irrigation 
projects  In  the  Teton  River  drainage  of  the  Marias/ 
Teton  Subbasln.  The  Teton  River  floodplaln  and 
riparian  area  Is  a  travel  corridor  for  grizzly  moving 
between  montane  and  prairie  habitats  along  the 
Roclty  Mountain  front. 

The  gray  wolf  has.  In  recent  years,  been  extend- 
ing Its  range  In  northwestern  Montana  and  Is  breed- 
ing successfully  in  Glacier  National  Park  and  along 
the  adjacent  mountain  front  northwest  of  Browning. 
Periodically,  wolves  are  observed  or  killed  In  the  prai- 
rie regions  of  central  and  eastern  Montana.  No  pro- 
posed Irrigation  projects  are  located  In  habitat  known 
to  be  occupied  by  wolves. 

Bald  eagles  winter  throughout  the  Missouri  River 
drainage  where  fish,  waterfowl,  and  carrion  provide 
an  adequate  food  base.  They  nest  In  all  of  the  sub- 
basins  except  for  the  Middle  Missouri  Subbasln. 


Of  the  60  active  nests  observed  In  Montana  in  1987, 
13  were  In  the  subbaslns  upstream  from  the  conflu- 
ence of  the  Marias  and  Missouri  rivers  (Aderhold 
1988).  Bald  eagle  nest  sites  are  known  on  the  Madi- 
son River  south  of  Ermis,  the  Jefferson  River  near 
Twin  Bridges,  near  the  Ruby  River,  on  the  Missouri 
River  downstream  from  Holter  Lake,  and  near  Holter 
Lake. 

Peregrine  falcons  migrate  through  Montana  and 
nest  In  the  Headwaters  Subbasln  where  they  have 
been  reintroduced  at  several  previously  occupied 
nest  sites.  Inactive  peregrine  falcon  eyries,  with  the 
potential  for  reoccupancy.  are  known  along  the 
Jefferson  River  near  Three  Forks,  the  Marias  River, 
Little  Prickly  Pear  Creek,  and  Holter  Lake.  Peregrine 
falcons  also  have  been  reintroduced  along  the  Mis- 
souri River  north  of  Helena  and  In  the  Headwaters 
Subbasln  near  Lima. 

Whooping  cranes  migrate  through  Montana,  and 
over  the  last  28  years,  there  have  been  nearly  200 
observations  of  these  cranes  in  the  state.  Two-thirds 
of  the  whooping  crane  observations  have  been  on  or 
within  20  miles  of  Medicine  Lake  National  Wildlife 
Refuge  In  extreme  northeastern  Montana.  A  few 
observations  of  whooping  cranes  also  have  been 
made  at  Red  Rock  Lake  National  Wildlife  Refuge  In 
the  Headwaters  Subbasln  (Aderhold  1988). 

In  1987,  a  pair  of  least  terns  was  observed  nest- 
ing on  an  Island  at  the  east  end  of  Fort  Peck  Reser- 
voir. The  Middle  Missouri  Subbasln  Is  the  western- 
most edge  of  the  tern's  range.  The  least  tern  also 
could  breed  on  bare  shorelines.  Islands,  and  sand- 
bars along  the  Missouri  River  west  of  Fort  Peck  Res- 
ervoir. 

The  threatened  piping  plover  Is  a  shorebird  that 
breeds  In  wetlands  along  Nelson  Reservoir  and  Fort 
Peck  Reservoir.  In  1987.  74  adult  plovers  and  19 
nests  were  observed  In  pebbly,  sandy  areas  along 
major  watercourses  and  scoured  sandbars  with  little 
vegetation,  their  favored  habitat. 

In  the  past,  the  endangered  black-footed  ferret 
occupied  portions  of  eastern  Montana  where  there 
were  large  prairie  dog  colonies.  The  ferret  depends 
almost  entirely  upon  prairie  dogs  for  food  and  shel- 
ter, and  the  decline  of  the  ferret  has  been  linked  to 
eradication  of  prairie  dogs.  There  have  been  no  veri- 
fied black-footed  ferret  sightings  In  Montana  since 
1979.  when  one  was  observed  in  Carter  County  near 
Ekalaka  (Aderhold  1988). 
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VEGETTATION 

Plant  communities  In  the  four  subbastns  of  the 
Missouri  River  above  Fort  Peck  Dam  reflect  the  Inte- 
grated Influences  of  soils,  climate,  physiography,  and 
moisture.  Predominant  native  plant  commionltles 
Include  coniferous  forests  at  higher  elevations  of  foot- 
hills and  mountains,  shrublands  and  grasslands  In 
the  drier  intermontane  valleys,  and  riparian  plant 
communities  along  rivers  and  streams  where 
groundwater  typically  is  close  to  the  soU  surface. 

Plant  communities  most  likely  to  be  aflected  by 
water  reservations  and  Irrigated  agriculture  would 
be  those  growing  In  riparian  zones  and  on  upland 
sites  with  sofls  capable  of  sustaining  Irrigated  agri- 
culture. Therefore,  these  communities  are  addressed 
in  greatest  detail  in  this  EIS. 

In  the  Headwaters  and  Upper  Missouri  sub- 
basins,  Payne  (1973)  mapped  the  following  four  up- 
land plant  communities  growing  In  Intermontane 
valleys  and  foothills: 

1.  Intermountain  Valley  Grassland  and  Meadow. 

This  community  grows  In  major  river  valleys  and 
is  distinguished  1^  meadow  grasses,  sedges,  and 
needlegrass  with  wlUows  on  the  wetter  sites. 
Much  of  the  valley  land  formerly  occupied  by  this 
community  has  been  converted  to  Irrigated  hay 
and  dryland  crops. 

2.  Foothill  Sagebrush.  This  community  grows  on 
rolling  foothills  and  Is  dominated  by  big  sage- 
brush, rabbitbrush,  fescues,  and  wheatgrasses. 
It  is  characterized  by  large  areas  of  open,  rolling 
grassland  with  rich  topsoU.  Sagebrush  has  In- 
creased In  density  on  many  sites  due  to  heavy 
livestock  grazing. 

3.  Foothill  Grassland.  This  community  grows  on 
rolling  foothUls,  wide  valleys,  and  benches. 
Dominant  grasses  Include  wheatgrasses,  fes- 
cues, and  needle-and-thread.  Sagebrush-domi- 
nated communities  and  conifer  forests  Intergrade 
with  this  high  elevation  grassland. 

4.  Teton  River-Judith  Basin  Grassland.  This 
community  is  most  widely  distributed  in  north- 
central  Montana,  but  extends  southward  to  the 
drier  sites  in  the  Headwaters  and  Upper  Missouri 
River  subbaslns.  Much  of  the  more  fertile  land  In 
this  community  has  been  converted  to  dryland 
grain  production.  Dominant  native  species  in- 
clude blue  grama,  needle-and-thread,  and  prai- 
rie Junegrass. 


Major  plant  communities  In  the  Marlas/Teton 
and  Middle  Missouri  subbaslns  are:  Foothill 
Grassland,  Teton  RIver-Judlth  Basin  Grassland, 
Northern  Grassland,  Central  Grassland,  and 
Sagebrush-Saltbrush  (see  previous  descriptions 
for  Foothill  Grassland  and  Teton  Rlver-Judlth 
Basin  Grassland). 

5.  Northern  Grassland.  This  community  grows 
primarily  on  glacial  till  along  the  Missouri  River 
valley.  Dominant  species  include  blue  grama, 
western  wheatgrass,  needle-and-thread,  thread- 
leaf  sedge,  clubmoss,  and  fringed  sagewort. 

6.  Central  Grassland.  This  community  grows  pre- 
dominantly on  heavy  clay  and  gravelly  soils. 
Common  plants  Include  big  sagebrush,  prickley 
pear,  fringed  sagewort,  Sandberg  bluegrass, 
green  needlegrass,  prairie  junegrass,  and  dry- 
land sedge  species. 

7.  Sagebrush-Saltbrush.  This  community  grows 
primarily  in  Valley  County  on  heavy  clay  allu- 
vium, much  of  which  is  alkaline  or  sodlc.  Big 
sagebrush,  Nuttall  saltbrush,  greasewood,  and 
prickly  pear  are  dominant  shrubs.  Common 
understory  species  include  wheatgrasses,  green 
needlegrass,  Indian  ricegrass,  wfld  buckwheat, 
and  scarlet  globemallow. 

Riparian  or  streamslde  vegetation  comprises 
plant  communities  which  grow  In  a  transitional  zone 
between  aquatic  and  terrestrial  ecosystems.  Ripar- 
ian plant  communities  have  distinctive  vegetation 
and  sofls  and  are  characterized  by  the  combination 
of  high  species  diversity,  high  species  density,  and 
high  productivity.  River  floodplalns  and  riparian 
plant  communities  are  dynamic,  ever-changing  bio- 
logical systems,  maintained  In  a  state  of  arrested 
ecological  development  by  floods.  Floods  periodl- 
caUy  cause  charmel  migrations  (meanders)  that 
expose  gravel  bars  and  scour  the  soU  surface.  Flood 
waters  overtop  the  banks  and  spread  out  on  the 
floodplain,  where  they  deposit  sediments. 

Periodic  sediment  deposition  and  scouring  by 
flooding  are  essential  to  the  maintenance  of  decidu- 
ous riparian  forests.  Species  such  as  cottonwood 
and  willow  require  recently-deposited,  exposed  aUu- 
vlum  for  seed  germination  and  growth  (Johnston  et 
al.  1976;  Fenner  et  al.  1985). 

In  the  absence  of  periodic  flooding,  woody  ripar- 
ian plant  communities  attain  maturity  and  decline. 
Large  trees  develop  heart  rot  and  are  broken  by  wind. 
With  losses  in  the  overstory  tree  canopy  and  no 
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reproduction  Initiated  by  flooding,  shrub,  grassland, 
and  conifer  communities  gradually  replace  cotton- 
wood  stands.  According  to  Wilson  (1970).  cotton- 
wood  stands  In  South  Dakota  matured  and  started 
to  decline  after  50  years.  Boggs  (1984)  also  found 
that  Cottonwood  communities  along  the  Yellowstone 
FUver  became  greatly  reduced  in  tree  density  and  tree 
vigor  after  92  years. 

Cottonwood,  willow,  green  ash,  and  box  elder, 
dominant  species  of  woody  riparian  communities, 
use  groundwater  within  their  rooting  zones  through- 
out the  growing  season.  During  the  summer  growing 
season,  groundwater  typically  saturates  flood- 
plain  soils  underlying  riparian  cottonwood  forests 
at  a  depth  of  4  to  15  feet  below  the  soO  surface 
(Elliott  1987). 

Riparian  plant  communities  in  the  Headwaters 
and  Upper  Missouri  subbasins  are  dominated  by 
overstory  of  black  cottonwood  with  common  under- 
story  shrubs  including  red-osier  dogwood,  silver 
buffaloberry.  chokecherry.  Woodsrose,  Russian  olive, 
and  various  willow  species.  In  the  Marias/Teton  and 
Middle  Missouri  subbasins.  black  cottonwood  is  re- 
placed by  narrow-leaf  cottonwood  and  eastern  cot- 
tonwood as  the  dominant  overstory.  Eastern  cotton- 
wood. box  elder,  and  green  ash  are  dominant  compo- 


nents of  the  forest  overstory  In  the  Middle  Missouri 
Subbasin.  Common  shrubs  include  Woods  rose,  sil- 
ver sagebrush,  western  snowberry,  and  willows. 

Sensitive  Plants  and  Plant  Communities 

No  Montana  plants  are  listed  as  threatened  or 
endangered  under  the  Federal  Endangered  Species 
Act,  but  the  Montana  Natural  Heritage  Program  has 
Identified  rare,  endangered,  threatened,  and  sensi- 
tive plants  and  plants  of  limited  distribution  In  Mon- 
tana (Shelly  and  Leslca  1990).  These  plants  have  no 
legal  status  that  would  require  special  management 
or  efforts  to  avoid  them  on  state  or  private  lands; 
however,  the  Bureau  of  Land  Management  (BLM)  and 
U.S.  Forest  Service  (USES)  have  adopted  policies  that 
preserve  species  that  are  candidates  for  classification 
under  the  federal  act.  Based  on  known  distribution 
and  habitat  characteristics,  10  species  could  grow  on 
areas  to  be  developed  for  irrigation  or  municipal  water 
projects  (Table  4-33). 

Plant  species  and  plant  communities  with  high 
biological  values  also  occur  in  the  Missouri  River 
subbasins.  Riparian  cottonwood  forests  and  wet- 
lands provide  Important  wildlife  habitat,  serve  as  stor- 
age areas  for  floods,  and  Influence  the  surface  water 
and  groundwater  hydrology  of  rivers  and  streams. 


Table  4-33  .  Sensitive  plants  that  could  be' affected  by  Irrigation  development  projects 


Species 


Status 


Subbasin  of  occurrence 


Habitat 


Astragalus  convallarius  (Timber  milkvetch) 

Astragalus  platytropis  (Broad-keeled  milkvetch) 

Camissonea  scapoidea  (Naked-stemmed  evening-primrose) 

Carex  crawei  (Craw's  sedge) 

Cyperus  acuminatus  (Short-pointed  flatsedge) 

Delphlnkim  andersonii  (Anderson's  larkspur) 

Rorippa  calyctna  (Persistent-sepa  yeilowcress) 

Sidaicea  oregana  (Oregon  checker-mallow) 
Sporotxikjs  neglectus  (Small  dropseed) 
Oxytropis  lagopus  (Rabbit-foot  crazyweed) 

Notes: 

^     Sensitive  plants  are  those  known  from  a  limited  number  of  populations  in  Montana,  or  those  that  occur  principally  in  restricted  habitats  con- 
sidered vulnerable  to  man-caused  disturbances. 
''     C2  plants  are  considered  by  the  federal  government  to  be  imperiled  globally  and  may  t>e  vulnerable  to  extinction  throughout  their  ranges. 
<=     Species  of  limited  distribution  are  plants  found  only  in  small  areas  of  Montana,  but  considered  too  abundant  to  be  sensitive. 

Source:  Shelly  and  Lesica  1990 


Sensitive^ 

Headwaters, 
Upper  Missouri 

SagebnjstVgrasslands 

Sensitive^ 

Headwaters 

Sagebrush/grassland  benches 

Sensitive^ 

Middle  Missouri 

Grasslands 

Sensitive^ 

Marias/Teton 

Gravelly  streamtanks 

Sensitive^ 

Upper  Missouri 

Wet  streambanks 

Sensitive^ 

Headwaters 

Sagebrush  valleys  and  hills 

Sensttiva'C2^ 

Upper  Missouri, 
Middle  Missouri 

Rivertsanks 

Sensitive^ 

Headwaters 

Valley  meadows  and  grasslands 

Sensitive* 

Headwaters 

Valley  grasslands 

Umited 
distribution^ 

Upper  Missouri, 
Marias/Teton 

Sagebrush/grasslands 
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The  federal  government  considers  wetlands  to  be  a 
productive  and  valuable  public  resource,  and  "the 
unnecessary  alteration  or  destruction  of  such  re- 
sources should  be  discouraged  as  contrary  to  the 
public  Interest"  (33  CFR  Part  320).  Under  Section 
404  of  the  Clean  Water  Act,  wetlands  are  defined  as: 

Those  areas  that  are  Inundated  or  saturated  by 
surface  or  groundwater  at  a  frequency  and  duration 
sufficient  to  support,  and  that  under  normal  drcum- 
stances  do  support,  a  prevalence  of  vegetation 
typically  ads^ted  for  life  in  saturated  soil  conditions. 

Wetlands  In  the  Missouri  River  subbaslns  In- 
clude swamps,  marshes,  oxbows  of  rivers,  sublrrl- 
gated  meadows,  and  portions  of  floodplalns.  Alter- 
ation of  wetlands  through  dredging  or  filling  would 
require  a  Section  404  Permit  from  the  U.S.  Army 
Corps  of  Engineers. 

NOXIOUS  WEEDS 

Noxious  weeds  are  usually  exotic  plants  that  pro- 
liferate and  reduce  the  value  of  land  for  agriculture, 
forestry,  livestock,  wildlife,  and  other  beneficial  uses. 
Noxious  weeds  spread  rapidly,  outcompete  most  na- 
tive species,  and  have  at  least  some  of  the  following 
characteristics: 

1.  Continuous  seed  production  during  the  growing 
season 

2.  Highly  efficient  seed  dispersal 

3.  Persistent  banks  of  seeds  or  seedlings 

4.  Capability  for  growth  In  adverse  climates  and  soils 

5.  Capability  to  reproduce  through  seeds,  sprouts, 
and  rhizomes  (Montana  Department  of  Agricul- 
ture 1981;  McDonald  and  Tappelner  1986) 


Table  4-34  lists  plants  that  have  been  classified  as 
noxious  weeds  throughout  Montana.  Weed  control 
districts  may  add  local  problem  species  to  this  list. 

Noxious  weeds  that  pose  the  most  serious  eco- 
nomic and  land  use  problems  In  the  Missouri  River 
drainage  are  spotted  knapweed,  leafy  spuige.  and 
Canada  thistle.  These  species  have  Infested  approxi- 
mately 13,080  acres  in  the  Headwaters  Subbasin, 
460,800  acres  In  the  Upper  Missouri  River  Subba- 
sin, 1 ,208,570  acres  in  the  Marias/Teton  Subbasin, 
and  1,095,570  acres  in  the  Middle  Missouri  Subba- 
sin (Table  4-35). 


Table  4-34.  Montana  noxious  weeds 
Common  Name  Scientific  Name 


Category  1  (cun«ntly  established 

Canada  tiiistle 
Field  bindweed 
Whitetop 
Leafy  spurge 
Russian  knapweed 
Spotted  knapweed 
Diffuse  knapweed 
Dalmatian  toadflax 
St.  Johnswort 


In  Montana) 

Cirsium  arvense 
Convolvulus  arvensis 
Cardaria  draba 
Euphorbia  esula 
Centaurea  repens 
Centaurea  maculosa 
Centaurea  diffusa 
Linaria  dalmatica 
Hypericum  perforatum 


Category  2  (recently  Introduced  or  not  yet  detected  In  Montana) 

Dyers  woad  Isatis  tinetoria 

Yeltow  starthistle  Centaurea  solstitalis 

Common  crupina  Crupina  vulgaris 

Tansy  ragwort  Senecio  jacobaea 

Rush  skeletonweed  Chondrilla  juncea 

Source:  Administrative  Rules  of  Montana  4. 5.20) -203  et  seq. 


Table  4-35.  Estimated  acreages  of  noxious  weeds  for  counties  with  j 

proposed  Irrigation  projects 

Headwaters 

Upper  Missouri 

Marias/Teton 

Middle  Missouri 

Weed  Species                           Subbasin 

Subbasin 

Subbasin 

Subbasin 

Spotted  knapweed                          2,000 

113.200 

94.900 

37,520 

Canada  thistle                                 9,080 

315.600 

1.066.500 

1  ,030,000 

Russian  knapweed                             1 90 

1.000.580 

26.905 

1  ,305 

Leafy  spurge                                   2,000 

32.000 

47.170 

28,050 

Whitetop                                            400 

12.110 

15.540 

1,015 

Dalmation  toadflax                          1 ,205 

6.290 

1,115 

2,004 

Field  bindweed                               5,050 

550 

3,805 

45,000 

Diffuse  knapweed                              162 

101.260 

45 

505 

Total                                               20,087 

1 .581 .590 

1.255,980 

1.145,399 

Source:  Cooksey 

'^ 
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Noxious  weeds  typically  Infest  areas  disturbed 
by  grazing,  crop  production,  and  linear  facilities  such 
as  highways,  roads,  and  transmission  lines.  Most 
infestations  are  present  in  river  valleys  where  linear 
facilities  and  crop  production  are  concentrated;  how- 
ever, spotted  knapweed  and  leafy  spurge  extend 
upslop>e  into  foothills,  become  dominant  species,  and 
reduce  the  abundance  and  diversity  of  native  plants. 
This  reduction  in  abundance  and  diversity  decreases 
the  quality  of  wrildllfe  habitat,  particularly  big  game 
winter  range. 

HISTORICAL, 

ARCHAEOLOGICAL,  AND 

PALEONTOLOGICAL 

RESOURCES 

The  proposed  irrigation  projects  would  be  devel- 
oped on  floodplains,  terraces,  and  benchlands  above 
the  Missouri  River  and  its  tributaries.  These  land- 
scapes have  the  potential  to  contain  historic  and 
prehistorical  evidence  of  Montana's  past.  A  wide 
variety  of  activities  are  known  to  have  occurred  in  the 
study  area,  some  of  which  are  reflected  in  recorded 
sites  identified  through  file  searches  conducted  by 
the  State  Historic  Preservation  Ofllce  (SHPO)  at 
DNRC's  request.  Table  4-36  lists  sites  that  might  be 
affected  by  irrigation  projects  or  municipal  reserva- 
tion development.  ' 

There  has  been  no  systematic  on-the-ground 
survey  of  historical  and  archeological  resources  on 
land  to  be  developed  by  the  various  irrigation  and 
municipal  projects.  About  two-thirds  of  these  lands 
are  cultivated  at  present,  reducing  the  potential  for 
discovery  of  Intact  cultural  artifacts.  Undisturbed 
range  or  pastureland  is  more  likely  to  contain  imdis- 
covered  cultural  resource  sites. 

The  Missouri  River  basin  has  outcrops  of  a  num- 
ber of  geologic  formations  known  to  produce  fossils 
from  the  Cretaceous  period.  Fossils  are  occasionally 
found  in  sedimentary  deposits  of  a  type  that  occurs 
In  the  Missouri  basin.  Many  fossils,  including  fossil- 
ized plants  and  marine  Invertebrates,  are  common 
and,  with  rare  exceptions,  have  little  scientific  value. 
Fossilized  reptiles,  fish,  dinosaurs,  and  mammals 
have  more  scientific  value.  The  discovery  of  fossil- 
ized bone,  or  the  rare  complete  skeleton,  is  consid- 
ered to  have  moderate  to  high  paleontological  signifi- 
cance. Most  Montana  fossil  finds  of  scientific  signifi- 
cance have  been  in  areas  not  suitable  for  the  devel- 
opment of  irrigation.  For  example,  fossil  finds  often 


occur  in  badlands  where  topography  or  soil  type  lim- 
its agricultural  activities,  or  In  areas  of  rock  outcrop 
such  as  cllfi"s.  In  contrast,  the  proposed  Irrigation 
projects  are  located  on  floodplains,  terraces,  and 
benchlands  where  geologic  processes  such  as  glacla- 
tlon  or  other  depositional  environments  limit  the  pos- 
sibilities that  important  fossils  would  remain  intact. 

Headwaters  Subbasin 

Many  of  the  streams  in  this  subbasin  have  no 
consumptive  use  projects  proposed  for  development. 
Thus  while  a  wide  variety  of  activity  is  known  to  have 
occurred  in  the  subbasin.  most  sites  would  not  be 
afiiected  by  the  reservations.  One  site  listed  on  the 
National  Register  of  Historic  Places,  the  Three  Forks 
of  the  Missouri  National  Historic  Landmark,  nearby 
Headwaters  State  Park  Is  present  In  this  subbasin 
and  could  be  afiiected  by  the  reservation  process. 

Upper  Missouri  Subbasin 

Based  on  the  present  understanding  of  prehis- 
toric and  historic  use  and  activities  known  to  have 
occurred  In  this  subbasin.  several  areas  are  llkety  to 
yield  additional  archaeological  or  historical  informa- 
tion. Areas  with  moderate  to  high  potential  for  new 
site  discovery  are  at  the  confluences  of  the  Missouri 
River  with  Its  tributary  streams  such  as  Belt  Creek 
and  the  Smith  River,  and  on  the  terraces  and 
benchland  above  the  Smith  and  Sun  rivers.  These 
areas  reflect  a  higher  density  of  known  sites  and 
exhibit  potential  to  jdeld  new  sites  or  additional  Infor- 
mation about  the  past  use  of  these  areas. 

Marias/Teton  Subbasin 

Projects  In  this  subbasin  would  be  developed  on 
landscapes  surrounding  the  Marias  and  Teton  rivers 
and  tributaries.  These  areas  have  the  potential  to 
contain  historical  and  archaeological  evidence  of  past 
use.  Several  prehistoric  sites  eligible  for  listing  on  the 
National  Register  of  Historic  Places  have  been  Identi- 
fied In  such  landscapes  in  the  basin.  Much  of  the 
area  proposed  for  irrigation  development  Is  presently 
cultivated.  Only  about  1.350  acres  of  rangeland 
would  be  converted.  This  subbasin  contains  areas 
known  to  contain  Invertebrate  fossils,  including  the 
Two  Medicine  Formation  famous  for  the  Egg  Moun- 
tain fossil  discovery  west  of  Choteau. 

Middle  Missouri  Subbasin 

The  distribution  of  known  sites  and  expected  po- 
tential for  new  site  discovery  in  this  basin  Increase  in 
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Table  4-36.  List  of  known  historical,  archaeological,  and  paleontologlcal  sites  that  may  be  affected  by  the  pro- 
posed water  reservations 


Site  number 


Eligibility/ 
Significance 


Site  type 


Site  number 


Ellglblllty/ 
Significance 


Site  type 


HEADWATERS  SUBBASIN 


24GA0212 

Eligible 

24JF0062 

Uni<nown 

24MA0717 

Unl<nown 

24JF0755 

Potentially 

eligible 

24GA0761 

Unknown 

24GA0762 

Unl<nown 

24GA0634 

Not  eligible 

24GA0757 

Uni<nown 

24GA0759 

Unl<nown 

Tliree  Fort<s  of  the  Missouri 

National  Historic  Landmarl< 
Stone  circle/cairns 
Historic  wooden  bridge 
Prehistoric  occupation  site 

Lithic  scatter,  bone  fragments 
Rocl<  cairn,  tipi  rings,  lithics 
Lithic  chipping  site/lookout 
Prehistoric  habilitation  site 
Historic  dugout 


UPPER  tWilSSOURI  SUBBASIN 


MARIAS/TETON  SUBBASIN 


24LT0027 
24LT0029 
24LT0030 
24LT0032 
24LT0033 
24LT0034 
24TL0077 
24TT0039 
24CH0381 

24CH0458 


Not  eligible 
Not  eligible 
Not  eligible 
Unknown 
Not  eligible 
Not  eligible 
Not  eligible 
Unknown 
Potentially 

eligible 
Unknown 


Cairns 

Cairn 

Cairn 

Hearth/roast  pit 

Cairn 

Cairns 

Tipi  rings/cairn 

Tipi  rings 

Prehistoric  habitation  site 

Lithic  scatter 


MIDDLE  MISSOURI  SUBBASIN 


24BW0256 

Potentially 

Lithic  workshop  and 

24CH0179 

Unknown 

Prehistoric  campsite 

eligible 

procurement  site 

24CH0292 

Unknown 

Historical  travel  route 

24BW0292 

Unknown 

Oligocene/Miocene  fossil  site 

24CH0284 

Unknown 

Lithic  workshop 

24BWO047 

Unknown 

Tipi  rings 

24CH0484 

Not  eligible 

Historic  Churchill  Homestead 

24BWO054 

Unknown 

Lithic  scatter 

24CH0215 

Unknown 

CairnAipi  ring/hearth 

24BW0202 

Unknown 

Miocene  fossil  site 

24CH0343 

Unknown 

Historic  Blankenbaker 

24BW1043 

Unknown 

Tipi  ring 

Homestead 

24BW0291 

Unknown 

Oligocene  fossil  site 

24CH0181 

Unknown 

Prehistoric  lithic  workshop 

24BW0499 

Not  eligible 

Historic  irrigation  system 

24CH0182 

Unknown 

Prehistoric  campsite 

(Broadwater/Missouri 

24CH0210 

Unknown 

Kill  site;  rock  drive  lines 

Canals) 

24CH0585 

Potentially 

Great  Northern  Railroad 

24CA0023 

Unknown 

Buffalo  jump 

eligible 

Guide  and  Station  House 

24CA0285 

Unknown 

Prehistoric  campsite 

24VL0027 

Not  eligible 

Rock  caims/lipi  ring 

24CA0016 

Unknown 

Buffalo  jump 

24FR041 1 

Not  eligible 

Historic  railroad 

24CA0070 

Unknown 

Prehistoric  campsite 

24FR0570 

Unknown 

Historic  white  site 

24CA0017 

Unknown 

Buffalo  jump 

24FR0571 

Unknown 

Historic  white  site 

24CA0040 

Unknown 

Buffalo  jump 

24FR1194 

Unknown 

Historic  irrigation/ 

24CA0036 

Unknown 

Prehistoric  campsite; 

conservation  system 

historic  army  portage  site 

24FR0201 

Unknown 

Tipi  ring 

24CA0074 

Eligible 

Lithic  scatter;  prehistoric 

24FR0202 

Unknown 

Lithic  scatter 

occupation 

24FR0204 

Unknown 

Historic  Camp  Cook 

24CA0241 

Unknown 

Historic  wooden  bridge 

24FR0206 

Unknown 

Possible  burial  site 

24CA0243 

Unknown 

Historic  wooden  bridge 

24FR0207 

Unknown 

Possible  burial  site 

24LC0177 

Unknown 

RockalignmentAipiring/hearth 

24FR0208 

Unknown 

Campsite 

24LC1030 

Unknown 

Tipi  ring 

24FR021 1 

Unknown 

Historic  wood  irrigation  pipe 

24LC0757 

Not  eligible 

Historic  Hiett  residence 

24FR0214 

Unknown 

Historic  trade  post/midden 

24LC0758 

Not  eligible 

Historic  Anderson  Ranch 

24ML0373 

Not  eligible 

Historic  Geoffena  ditch 

24LC0632 

Unknown 

Tipi  rings/lithic  scatter 

system 

Source:  Compiled  from  information  provided  by  SHPO  and  University  of  Montana  archaeological  records 
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areas  such  as  the  confluence  of  the  Missouri  River 
with  Arrow  Creek,  the  Jixiith  River,  and  the  Marias 
and  Teton  rivers.  Historically  significant  sites  asso- 
ciated with  the  Lewis  and  Clark  expedition,  later 
steamboat  use,  and  settlement  activities  have  been 
found  in  the  landscapes  above  this  portion  of  the 
Missouri  basin. 

Large  areas  on  the  Charles  M.  Russell  Wildlife 
Range  are  known  to  contain  fossils,  including  com- 
plete skeletons  of  mammals,  dinosaurs,  and  reptiles. 

RECREATION 

Patterns  of  Recreation  Participation 
in  montana 

Results  fi-om  two  comprehensive  studies  show 
stability  in  the  proportion  of  Montana  residents  that 
participated  in  outdoor  recreation  between  1979  and 
1985  (Wallwork  et  al.  1980;  Frost  and  McCool  1986). 
Participation  rates  for  outdoor  activities  changed  little 
from  1979  to  1985  fTable  4-37). 

If  Montana's  adult  population  Increases  by  20 
percent  between  1985  and  2000  and  the  state's  popu- 
lation grows  older  In  line  with  national  trends,  then 
the  number  of  Montanans  participating  In  outdoor 
recreation  also  will  Increase  as  shown  in  Table  4-38 


Table  4-37.  Participation  rates  for  11  outdoor 
recreational  activities:  1979  and  1985 


Activity 


1979  1979         1985         1985 

Percent       Median     Percent    lyiedian 

Participating     Days   Participating   Days 


Picnicl<ing  77.5  6  74.8  6 

Wall<ing  for  pleasure  71.9  20  77.1  30 

Fishing  58.5  14  56.4  12 

Canping  57.6  10  51.9  8 

Hunting  35.2  10  37.6  10 

Bicycling  32.8  20  38.6  20 

Motor  boating  32.5  6  32.6  5 
Bird  watching/ 

nature  study  29.4  25  31.8  21 

Horseback  riding  18.8  10  22.3  6 

Snowmoblling  14.8  5  16.3  5 

Cross-country  skiing  14.6  6  18.6  7 


(McCool  and  Frost  1987).  Some  activities  will  in- 
crease less  than  others  because  the  population  will 
be  older.  A  recent  study  (Albert  et  al.  1989)  Indicates 
that  Montana's  population  may  actualfy  decline  by 
1.4  percent  by  the  year  2000,  suggesting  a  smaller 
predicted  growth  in  recreational  activities  than 
predicted. 

The  most  popular  recreational  activities  of  pic- 
nicking, walking  for  pleasure,  camping,  and  fishing 
can  be  enjoj^d  by  several  age  classes.  The  number 
of  participants  is  expected  to  Increase  in  these  activi- 
ties (McCool  and  Fnsst  1987).  Activities  favored  less 
by  older  people,  such  as  alpine  skiing  or  riding  all- 
terrain  vehicles,  should  show  a  smaller  Increase  In 
the  future.  Fishing  Is  the  most  popular  water-based 
recreational  activity  for  Montanans  and  Is  expected 
to  remain  so. 


Table  4-38.  Estimated  numbers  of  adult  Montanans 
participating  in  recreational  activities,  1985-2000 


Activity 


Number  of     Number  of  Projected 
Participating        Participating       Percent 
Montanans,  1985  Montanans,  2000     Growth! 


Picnicking  434,700  516,900  19 

Day  hiking  452,500  537,500  19 

Fishing  326,000  386,500  19 

Camping  300,700  352,100  17 

Hunting  214.200  253,200  18 

Bicycling  222,100  249,900  12 

Motor  boating  191,400  222,100  16 

Nature  study  187,800  226,100  20 

Horseback  riding  128,700  146,200  14 

Snowmoblling  96,100  108,200  12 

Nordic  skiing  104,000  122,100  17 

Backpacking  81,300  92,300  14 

Jogging  139,400  152.900  10 

Off-road  4WD  142.000  165,300  16 

Motorcycles  or  ATV         68,900  74,800  9 

Canoeing  65.200  72.100  11 

Rafting  104.100  117.100  13 

Pool  swimming  202.400  236.200  17 

Lake  or  stream  243.700  275,200  13 

swimming 

Waterskling  84,600  93,000  10 

Alpine  skiing  109.500  119,600  9 

iceskating  72.700  83,500  15 


Source:  McCool  and  Frost  1987 


Source:  McCool  and  Frost  1987 
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Recreation  in  the  Missouri  Basin 

DNRC  Recreation  survey  Results 

DNRC  conducted  a  recreation  survey  and  economic 
study  of  Instream  flows  In  the  Missouri  River  basinabove 
Fort  Peck  Dam  during  the  fafl  of  1989  (Dufileld  et  aL 
1990).  Infonnatlon  was  collected  on  patterns  of  use  for 
25  rivers  and  reservoirs  In  the  basin,  the  economic  value 
people  place  on  water-related  activities,  and  how  these 
activities  and  values  are  affected  by  water  levels  and 
flows.  The  survey  also  estimated  the  de^^ee  of  statewide 
participation  and  nonpartlclpatlon  in  water-related  rec- 
reation. A  total  of  9,000  questionnaires  were  mailed — 
6,000  to  residents  of  the  Missouri  River  basin  above  Fort 
Peck  Dam,  2,000  to  out-of-basin  Montana  residents, 
and  1,000  to  holders  of  nonresident  conservation  li- 
censes. The  response  rate  was  54  percent. 

The  survey  showed  that  significant  recreation  values 
are  placed  on  Missouri  basin  water.  Over  2  million 
recreation  days  were  reported  for  Missouri  basin  lakes 
and  streams  In  1989.  Eighty-four  percent  of  all  adult 
Montanans  participate  in  water-related  recreation  such 
as  fishing,  boating,  and  shoreline  activities,  which  in- 
clude picnicking,  swimming,  sightseeing,  and  camping. 
On  basin  rivers  and  streams,  anglers  accounted  for  42 
percent  of  total  resident  use,  boaters  and  floaters  17 
percent,  and  shoreline  recreationlsts  42  percent.  Statis- 
tics for  reservoirs  differ  slight^,  with  anglers  accounting 
for  50  percent  of  total  use,  floaters  and  boaters  17  per- 
cent, and  shoreline  recreationlsts  33  percent. 

Montanans  highly  value  the  opportunity  to  visit  and 
use  rivers  and  streams  for  recreation.  Ninety-eight  per- 
cent either  agreed  or  strongly  agreed  with  the  statement 
that  they  er^cy  knowing  that  filends  and  family  can  visit 
rivers  for  recreation  If  they  want  to.  Montanans  also 
believe  that  water  quality  in  rivers  and  streams  is  impor- 
tant, with  79  percent  agreeing  that  water  quality  in 
streams  and  rivers  in  their  area  of  Montana  should  be 
improved.  Use  of  Montana's  water  for  irrigation  gener- 
ates diverse  opinions,  with  46  percent  of  Montanans 
agreeing  that  irrigation  is  the  most  important  use,  42 
percent  disagreeing,  and  1 1  percent  expressing  no  opin- 
ion (see  Table  4-39). 

Low  water  in  rivers,  streams,  and  reservoirs  can 
substantially  affect  the  number  and  quality  of  recreation 
trips.  Fifty-two  percent  d  In-state  respondents  took 
fewer  trips  to  Missouri  basin  rivers  and  reservoirs  in 
1988  because  oflowwater.  Almost  two-thirds  of  respon- 
dents (65  percent)  noted  lower  trip  quality  in  1988  be- 
cause of  low  water.  From  16  to  25  percent  of  respon- 
dents participated  less  in  fishing,  boating  and  floating, 
and  shoreline  activities  in  1988  because  of  low  water. 


Survey  results  also  provided  estimates  of  recreation 
use  days,  e3q)enditures,  and  the  economic  value  of  rec- 
reation trips.  These  are  shown  in  the  following  tables. 

Table  4-40  shows  total  recreational  use  days  by 
Montana  residents  and  nonresidents  in  the  subbaslns 
(Duffleld  et  aL  1990). 


Table  4-39.  Attitudes  of  Montanans  on  water  quality 
and  use  (based  on  the  1989  DNRC  recreation  survey) 

Percentage  of  Montanans  who: 

Strongly  Strongly      No 

Agree     Agree    Disagree  Disagree  Opinion 


I  enjoy  knowing 
that  my  friends  and 
family  can  visit  70 

rivers  for  recreation 
if  they  want  to. 

Water  quality  In 
streams  and  rivers 
In  this  area  of  33 

Montana  should  be 
improved. 


28  — 


—  2 


I  think  Irrigation  is 
the  most  Important 
use  of  Montana's 
water. 


15 


46 


31 


35 


1  13 


7  11 


Table  4-40.  Total  recreation  use  days  In  1989 


Subbasin 

Residents 

Nonresidents 

(thousands 

of  use  days) 

Headwaters 

Rivers 

349  to  478 

136  to  220 

Reservoirs 

49  to  115 

33  to  70 

Upper  Missouri 

Rivers 

i         299  to  521 

12  to  21 

Reservoirs 

278  to  456 

7  to  16 

MkJdle  Missouri  and  Marlas/Teton 

- 

Rivers 

165to312 

3  to  16 

Reservoirs 

194  to  366 

2to8 

All  subbaslns^ 

Rivers 

949  to  1.191 

163  to  250 

Reservoirs 

608  to  860 

50  to  94 

^  The  range  of  results  for  all  subbaslns  Is  smaller  than  for  individual 

subbaslns  due  to  a  larger  sample  size. 
Source:  Duffleld  etal.  1990 
NOTE:  Subbasin  boundeuies  used  in  the  survey  differed  slightly 

from  those  in  this  EIS. 
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Table  4-41  shows  average  recreation  expendi- 
tures per  person  per  day  by  activity  for  rivers  and 
reservoirs  in  each  of  three  subbasins. 

Table  4-42  shows  total  recreational  expenditures 
in  the  subbasins  by  Montana  residents  and  nonresi- 
dents (Duffleld  et  al.  1990).  Figures  shown  are  con- 
sidered at  least  95  percent  accurate. 

People  normally  win  buy  something,  including 
water-based  recreation,  onty  if  it  is  worth  at  least 
what  it  costs.  The  survey  asked  people  whether  they 
would  have  taken  a  trip  to  a  river  If  their  costs  had 
been  higher  by  a  certain  amount.  Those  who  an- 
swered yes  showed  that  the  trip  was  worth  at  least 
that  much  more  than  their  actual  costs.  This  fact 
was  used  to  estimate  the  difference  between  the  value 
people  place  on  recreation  and  their  expenditures. 
This  dlffererKe  between  worth  and  cost  Is  often  termed 
net  economic  value  and  Is  shown  in  Table  4-43. 

Results  of  Outfitter  Survey 

During  the  spring  of  1990,  the  Department  of 
Natural  Resources  and  Conservation  conducted  a 
telephone  survey  of  102  Montana  outfitters  who  pro- 
vide guiding  services  in  the  Missouri  River  basin 
(Economic  Consiiltants  Northwest  1990).  Informa- 
tion was  collected  on  outQtter  use  of  the  rivers  and 
streams  within  the  Missouri  River  basin  above  Fort 
Peck  Dam,  the  effect  of  decreased  streamflows  on 
outfitters'  activity,  and  outfitters'  economic  contri- 


bution to  Montana  from  their  use  of  Missouri  basin 
rivers  and  streams. 

Survey  results  show  that  trips  to  Headwater 
streams  account  for  most  of  the  outfitting  activity  In 
the  Missouri  basin.  Trips  to  the  Big  Hole  and  Madison 
rivers  together  accounted  for  59  percent  of  estimated 
total  trips  during  the  1989  fishing  and  floating  sea- 
son. Remaining  trips  were  distributed  among  other 
rivers  (Table  4-44). 


Table  4-42.  Total  annual  recreation  expenditures 


Subbasin 


Residents  Nonresidents 

(millions  of  dollars) 


Headwaters 
Upper  Missouri 


12.1  to  23.9 
23.0  to  38.1 


Middle  Missouri 
and  Marias/Teton  1 4.4  to  27.3 


27.9  to  48.2 
2.4  to  6.0 

3.0  to  6.0 


All  subbasins^ 


57.9  to  81.0 


33.7  to  54.5 


^  The  range  of  results  for  all  subbasins  Is  smaller  than  for  individual 

subbasins  due  to  a  larger  sample  size. 
Source:  Duffieldetal.  1990 


Table  4-43.  Total  net  economic  value  of 
recreation  trips 


- 

Residents 

Table  4-41.  Recre 

latlon  expenditures  per  day 

Activity                Rivers 

Reservoirs 

Subbasin 

(millions  of  dollars) 

Subbasin 

Headwaters 
Rivers 
Reservoirs 

13.1  to  30.4 

Headwaters 

Shore  fishing 

$25.13 

$38.55 

1.1  to   5.3 

Boat  fishing 

$43.06 

$44.84 

Upper  Missouri 

Boating/floating 

$42.36 

$82.50 

Rivers 

11. 4  to  38.0 

Shoreline" 

$32.17 

$27.57 

Reservoirs 

12.0  to  24.4 

Upper  Missouri 

Shore  fishing 

$75.49 

$33.64 

Middle  Missouri  and  Marias/Teton 

Boat  fishing 

$85.34 

$38.68 

Rivers 

8.7  to  22.7 

Boating4loating 

$44.45 

$55.05 

Reservoirs 

-       5.6  to  16.8 

Shoreline" 

$37.44 

$30.67 

All  subbasins" 

75.4  to  114.1 

Middle  Missouri 
and  Marias/Teton 

Shore  fishing 
Boat  fishing 

$41.76 
$27.44 

$57.26 
$33.63 

Nonresidents 

Boating/floating 

$41 .55 

$41.28 

All  subbasins" 

35.3  to  63.2 

Shoreline" 

$29.66 

$48.48 

Rivers 
Reservoirs 

27.2  to  52.8 
3.7  to  14.8 

Picnicking,  camping,  swimming,  sightseeing,  etc. 
Source:  Duffieldetal.  1990 

Note:  Subbasin  boundaries  used  in  the  survey  differed  slightly 
from  tfrase  in  this  EIS. 


■  The  reinge  of  results  for  all  subbasins  is  smaller  than  for  individual 

subbasins  due  to  a  larger  sample  size. 
Source:  Duffieldetal.  1990 
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The  majority  of  the  respondents  reported  that 
the  primary  activity  of  their  guiding  trips  was  boat 
fishing,  except  on  the  Gallatin  River  and  the  Missouri 
below  Great  Falls.  The  primary  activity  of  the  guiding 
trips  on  the  Gallatin  was  equally  divided  among  boat 
fishing,  shore  fishing,  and  other  activities,  such  as 
wading,  sightseeing,  and  guided  white  water  boat- 
ing. Activity  on  the  Missouri  below  Great  Falls  was 
divided  between  hunting  and  fishing. 

When  asked  about  effects  of  drought  and  de- 
creased streamflows  on  their  outfitting  business  dur- 
ing 1988  and  1989.  57  percent  of  surveyed  outfitters 


Table  4-44.  Estimated  number  of  trips  taken  to 
Missouri  basin  streams  above  Fort  Peck  Dam  by 
outfitters  In  the  1989  floating/fishing  season. 


Numl)er 

Percentage  of 

River 

of  Trips 

total  trips 

Headwaters  Sublsasin 

Madison  River 

3.842 

42.7% 

Gallatin  River 

82S 

9.2% 

Jefferson  River 

404 

4.5% 

Big  Hole  River 

1.488 

16.5% 

Beaverhead  River 

641 

7.1% 

Ruby  River 

221 

2.5% 

Red  Rock  River 

11 

0.1% 

East  Gallatin  River 

4    J 

82.6% 

Upper  Missouri  Subbasin 

Missouri  River  - 

Three  Forks  to  Holier  Dam 

237 

2.6% 

Missouri  River  - 

Holter  Dam  to  Great  Falls 

942 

10.5% 

Smith  River 

200 

2.2% 

Deartx)rn  River 

13 

0.1% 

Sixteen  Mile  Creek 

12 

0,1% 
15.5% 

Middle  Missouri  Subbasin 

Missouri  River 

below/  Great  Falls 

138 

1.5% 

Judith  Headwaters 

4 

— 

Other  Missouri  basin  streams  1 1 


TOTAL  8,993 


0.1% 


99.7% 


indicated  that  the  number  of  trips  taken  had  de- 
clined due  to  decreased  water  levels  In  the  rivers 
(Table  4-45).  More  than  half  (62  percent)  of  the 
outfitters  said  low  flows  had  reduced  the  length  of 
the  floating  season,  and  46  percent  said  the  number 
of  clients  served  was  reduced.  Other  eff"ects  noted 
were  increased  fishing  pressure  and  crowding  on 
streams  with  adequate  flow,  a  decline  in  the  recre- 
ational quality  and  ecological  integrity  of  rivers,  more 
difficult  passage  for  boats  or  rafts  on  rivers,  and 
reduced  economic  return  to  outfitters  and  the  state. 

Seventy-four  percent  of  surveyed  outfitters  in- 
dicted there  were  rivers  that  they  used  less  or  did  not 
use  during  the  1989  floating/fishing  season  because 
of  decreased  streamflows.  The  Big  Hole,  Beaver- 
head, Jefferson,  and  Smith  rivers  accounted  for  77 
percent  of  all  responses.  Approximately  two-thirds 
(69  percent)  of  the  respondents  reported  substitut- 
ing another  river  or  stream  in  response  to  decreased 
streamflows.  Substitute  rivers  most  often  named  by 
respondents  were  the  Madison,  Missouri,  and  Yel- 
lowstone rivers.  These  three  rivers  accounted  for  60 
percent  of  all  substitute  rivers  named — the  Madison 
with  26  percent  and  the  Missouri  and  Yellowstone 
with  17  percent  each. 

Based  on  survey  results,  the  economic  impact  to 
the  state  in  1989  fi-om  river  guiding  in  the  Missouri 
basin  above  Fort  Peck  Dam  included  $9.7  million  in 
direct  expenditures  for  guiding  services,  lodging, 
travel,  food,  and  other  related  costs.  Each  dollar  of 
expenditures  stimulates  secondary  expenditures  In 
the  economy,  such  as  those  that  occur  from  the 
Increased  earnings  of  employees  of  outfitters.  Sec- 
ondary benefits  of  $23.0  million  were  estimated  us- 
ing an  impact  multiplier  of  2.39  developed  by  the 
Institute  for  Tourism  and  Recreation  Research  of  the 


Table  4-45.  Effects  of  drought  and  decreased  stream- 
flows  on  outfitting  business  during  1988  and  1989 


NOTES:  Other  rivers  Included  Sheep  Creek  (8  trips)  and  Willow 

Creek  (3  trips) 

Percentages  do  not  toted  100  due  to  rounding. 
Source:  Economic  Consultants  Northwest  1991a 


No 

Total  No.  of 

Effect 

Increased  Decreased 

Effect 

Respondents 

Number  of 

trips  taken 

3% 

57% 

40% 

99 

Length  of 

floating  season 

8% 

62% 

30% 

99 

Number  of 

clients  served 

17% 

46% 

38% 

101 

Note:  Percentages  may  not  total  100  due  to  rounding. 
Source:  Economic  Consultants  Northwest  1991a 
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University  of  Montana  fYuan  et  al.  1989).  Thus,  the 
total  economic  Impact  in  1989  was  $32.7  million. 

The  majority  of  economic  impacts  to  Montana 
from  guiding  services  on  the  Missouri  River  are  real- 
ized from  nonresident  clients.  Approximately  93 
percent  of  the  parties  guided  on  these  trips  are  non- 
resident. Moreover,  it  Is  estimated  that  each  non- 
resident client  spends  approximately  twice  as  much 
as  a  resident  client  on  such  items  as  lodging,  gifts, 
sport  licenses,  and  other  miscellaneous  costs.  Of  the 
$32.7  million  in  economic  impact  to  the  basin,  ap- 
proximately 95.5  percent,  or  $31.2  million,  is  attrib- 
utable to  out-of-state  clients. 

Headwaters  Subbasin 

Several  headwater  rivers,  the  Madison.  Gallatin. 
Big  Hole.  Jefferson,  and  Beaverhead,  received  a  high 
proportion  of  the  total  reported  visits  to  the  Missouri 
basin  streams  (DNRC  1990b).  Between  8  and  15 
percent  of  Montana  residents  visited  these  rivers. 
While  these  rivers  received  mostly  local  use,  marty 
people  from  other  parts  of  the  state  and  from  out  of 
state  also  visited  them.  Tributary  rivers— the  Ruby, 
Wise,  Boulder,  and  Red  Rock — are  used  primarily  by 
local  residents,  with  a  small  percentage  coming  from 
outside  the  subbasin  (see  Table  4-46). 

DFWP  estimated  annual  angler  use  on  Montana 
waters  from  1982  to  1986.  Rivers  and  streams  in  the 
Headwaters  Subbasin  during  1985  had  a  total  of 


349.820  angler  days  of  use.  representing  29.3  per- 
cent of  the  total  1.1 93,000  angler  days  statewide.  An 
angler  day  is  one  fisherman  fishing  one  body  of  water 
for  any  length  of  time  on  one  day.  Map  4-7  shows 
that  the  Headwaters  Subbasin  receives  the  most  an- 
gler use  of  any  subbasin  in  Montana.  Map  4-8  shows 
angler  use,  selected  recreation  sites,  and  estimated 
nonangler  use  on  selected  streams  in  the  Headwa- 
ters Subbasin.  Table  4-47  lists  angler  use  on  se- 
lected reservoirs  in  this  subbasin. 

Gallatin  river  drainage 

The  Gallatin  River  is  popular  for  fishing,  floating, 
and  other  recreational  uses.  The  reach  extending 
from  Spanish  Creek  to  the  E^ast  Gallatin  River  aver- 
aged 28,408  angler  days  a  year  between  1982  and 
1986.  The  lower  reach  from  the  East  Gallatin  to  the 
Missouri  averaged  13,439  angler  days  per  year  dur- 
ing this  same  period,  while  the  upper  reach  above 
Spanish  Creek  averaged  14,619.  Proximity  to  Boze- 
man  and  the  high  quality  fishery  on  some  segments 
of  the  river  contribute  to  this  high  angler  use.  Other 
area  streams  with  moderate  angler  use  are  the  East 
Gallatin  River  with  7,629  angler  days  per  year  (1982- 
1986),  Hyalite  Creek  with  2,800.  and  Brldger  Creek 
with  1 .546.  Rates  of  angler  use  on  tributaries  are  low 
or  unknown  (Appendix  H). 

The  primary  activity  on  upper  and  middle  reaches 
of  the  Gallatin  is  Whitewater  floating.  On  the  lower 
Gallatin  and  E^ast  Gallatin,  boating  is  a  secondary 


Table  4-46.  Use  of  Headwaters  Subbasin  streams  by  Montana  residents  and  nonresident  anglers 

(Percentage  of  population  visiting  Headwaters  Subt)asin  drainages  in  1 989) 


River  drainages 

Residents  of 

Headwaters 

Subbasin 

Residents  of 

Upper  Missouri 

Subbasin 

Residents  of 

Middle  Missouri 

Subbasin 

Residents  of 

remainder 

of  state 

Combined 

statewide 

total 

Nonresident 
anglers 

Big  i-lole 

32% 

7% 

4% 

10% 

11% 

13% 

Wise 

14% 

3% 

1% 

3% 

4% 

1% 

Gallatin 

36% 

10% 

10% 

11% 

13% 

13% 

Jefferson 

32% 

9% 

5% 

6% 

9% 

7% 

Boulder 

11% 

7% 

4% 

6% 

6% 

4% 

Madison 

43% 

12% 

9% 

11% 

15% 

24% 

Beaverhead 

22% 

4% 

5% 

6% 

8% 

13% 

Red  Rock 

6% 

2% 

1% 

3% 

3% 

7% 

Ruby 

16% 

1% 

2% 

3% 

4% 

3% 

Notes:  Column  percents  will  not  total  100  because  respondents  could  answer  more  than  one  item. 

Subbasin  boundaries  used  in  the  survey  differed  slightly  from  those  in  this  EIS. 
Source:  DNRC  1990b 
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Map  4-7.  Hshing  us*  of  Montana  river  subbasins 


Notes: 

Numbers  shown  are  the  percentage  of  total  statewide  fishing  days  occurring  in  each  river  subt>asin  determined  during  the  1985  DFWP 
fisheries  survey. 

Upper  Missouri  subbasin  includes  the  main  stem  and  tributaries  from  the  Sun  to  tfie  Marias. 

Percentages  may  not  total  100  due  to  rounding. 
Source:  DFWP  1989 


Table  4-47.  Angler  use  of  reservoirs  and  lakes  In  the  Headwaters  Subbasin  from  1982  to  1986 


1982- 

Mil 

1983- 

nuai  Miigier  u» 
1984- 

ys 

1985- 

Avg.1982- 

(n) 

1983 

1984 

1985 

1986 

1986 

Clark  Canyon  Reservoir 

(n=4) 

58.311 

28,880 

38,256 

35,900 

40,337 

Quake  Lake 

(n=4) 

1.239 

1,508 

5,055 

2,138 

2,485 

Ennis  (Meadow)  Lake 

(n=4) 

5,364 

5,632 

3,601 

2,842 

4,360 

Hebgen  Lake 

(n=4) 

49,282 

52,848 

35,476 

44,630 

45.559 

Hyalite  Reservoir 

(n=4) 

4,328 

4,304 

2,522 

2,294 

3.362 

Lima  Reservoir 

(n=0) 

b 

b 

b 

b 

0 

Lower  Red  Rock  Lake 

(n=2) 

50 

b 

85 

b 

68 

Ruby  River  Reservoir 

(n=4) 

2,813 

8,894 

1.781 

2,528 

4.004 

Upper  Red  Rock  Lake 

(n=1) 

b 

b 

85 

b 

85 

Willow  Creek  Reservoir 

(n=4) 

5,689 

18,665 

7,748 

6,405 

9,627 

n  =  number  of  years  out  of  four  with  reported  fishing  pressure 

*  Angler  day  =  one  fisherman  fishing  one  body  of  water  for  any  length  of  time  on  one  day 

''  No  data  available 

Source:  DF^P  1989. 
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activity.  Low  summertime  flows  and  numerous  log- 
jams on  the  Gallatin  below  the  canyon  restrict  float- 
ing on  this  reach  (Vincent  1990). 

Several  tributaries  in  this  drainage  receive  high 
to  moderate  levels  of  recreational  use.  These  include 
Sourdough,  Hyalite,  and  Cottonwood  creeks  south  of 
Bozeman,  the  South  Fork  of  the  West  Fork  of  the 
Gallatin  (near  Big  Slqr),  and  the  Taylor  Fork  of  the 
Gallatin  River. 

Madison  River  Drainage 

The  Madison  River  has  a  national  reputation  as 
a  high  quality  trout  fishery  and  receives  high  angler 
use.  The  reach  from  Hebgen  Dam  to  Ennis  Lake 
experienced  an  average  of  40,636  angler  das^s  each 
year  from  1982  to  1986.  The  reach  from  Ennis  Lake 
to  the  mouth  also  has  high  use.  averaging  36,742 
angler  days  per  year,  while  the  reach  above  Hebgen 
Dam  averages  12,906  angler  days  per  year.  Shore 
fishing  is  the  primary  recreation  on  the  Madison  and 
its  tributaries.  The  Madison  is  used  for  boat  fishing 
from  a  few  miles  downstream  of  Quake  Lake  to  Ennis 
Lake  (Appendix  H). 

Several  tributaries  of  the  Madison  experience 
moderate  angler  use:  the  South  Fork  of  the  Madison 
with  2,600  angler  days  per  year;  the  West  Fork  with 
1 , 1 54;  and  Duck  Creek  with  1 ,504.  Other  tributar- 
ies have  either  low  or  unreported  angler  use. 

Water  in  Ennis  Lake  warmed  by  the  sun  makes 
the  river  segment  below  the  lake  popular  with  sum- 
mer recreationists  (Fischer  1 986) .  The  Madison  River 
below  Ennis  Lake  passes  through  Beartrap  Canyon 
in  the  Lee  Metcalf  Wilderness,  where  large  rapids 
provide  Whitewater  boating  for  rafts  and  kayaks.  The 
Madison  below  Hot  Springs  Creek  provides  more 
relaxed  floating  and  inner-tubing  opportunities. 

Opportunities  for  shoreline  recreation  are  found 
throughout  the  Madison  drainage.  Eighteen 
developed  recreation  sites  are  located  along  the  Madi- 
son below  Quake  Lake.  Other  developed  recreation 
sites  which  are  scattered  along  tributaries  have  mod- 
erate or  low  use. 

The  Jefferson/Boulder  River  Drainage 

Angler  use  in  the  Jefferson/Boulder  River  drsiin- 
age  ranges  from  21,125  angler  days  per  year  ( 1 982  to 
1986)  on  the  Jefierson  to  low  on  tributaries  such  as 
the  South  Boulder  River,  Whitetail  Creek,  and  North 
and  South  Willow  creeks.    The  Boulder  River  and 


Willow  Creek  have  moderate  angler  use,  with  2,543 
angler  days  per  year  on  the  Boulder  and  2,942  on 
Willow  Creek  (see  Appendix  H). 

Primary  recreational  activities  include  shore  fish- 
ing throughout  the  drainage  and  boat  fishing  and 
floating  on  the  Jeflerson  River.  During  summer,  low 
flow  conditions  typically  occur  from  the  Parrot  Canal 
diversion  to  below  the  Waterloo  bridge  on  the 
Jelferson  River  (Rehwinkel  1990).  These  low  flows 
limit  floating  and  boat  fishing.  Floating  is  a  second- 
ary activity  on  the  Boulder  River. 

Shoreline  recreation  is  a  primary  activity  along 
the  Jefferson  River  and  the  Boulder  River  from  its 
headwaters  to  Bison  Creek.  These  two  rivers  have  10 
of  the  1 1  developed  recreation  sites,  with  7  on  the 
Jefferson  and  3  on  the  upper  reach  of  the  Boulder. 
Shoreline  recreation  also  occurs  along  North  and 
South  Willow  creeks  on  National  Forest  land. 

BIG  HOLE  River  Drainage 

The  Big  Hole  River  is  very  popular  with  Montana 
residents  and  is  nationally  known  for  its  fishery. 
Angler  use  is  dispersed  throughout  the  drainage,  but 
heaviest  use  occurs  on  the  Big  Hole  below  Pintlar 
Creek.  From  1982  through  1985,  the  middle  reach 
of  the  Big  Hole  between  Pintlar  Creek  and  Divide 
Creek  averaged  23,502  angler  days  per  year,  and  the 
reach  from  Divide  Creek  to  the  mouth  averaged 
2 1 ,005.  The  upper  reach  of  the  Big  Hole,  with  8,902 
angler  days,  and  Wise  River  with  3,001.  show  mod- 
erate levels  of  angler  use.  Most  tributaries  receive 
low  angler  use  (Appendix;  H). 

Shore  fishing  is  the  primary  activity  within  this 
drainage.  Boat  fishing  occurs  only  on  the  Big  Hole 
and  Wise  rivers  and  a  few  tributaries.  The  Big  Hole 
can  be  floated  as  far  up  as  Jackson,  but  the  most 
heavily  floated  segment  is  from  Divide  to  Glen 
(Fischer  1986).  Reaches  of  the  Big  Hole  above  Wis- 
dom and  from  the  Glen  bridge  to  the  mouth  typically 
have  low  summer  flows  that  limit  floating  (Oswald 
1990). 

Over  half  of  the  developed  recreation  sites  in  the 
drainage  are  along  the  Big  Hole  and  Wise  rivers. 
These  two  rivers  have  16  sites — 12  on  the  Big  Hole 
and  4  on  Wise  River.  Twelve  other  recreation  sites 
are  scattered  among  nine  tributaries. 

This  drainage  abounds  with  opportunities  for 
shoreline  activities  such  as  picnicking,  tent  and  car 
camping,  and  hiking.  Concentrated  use  occurs  along 
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the  Big  Hole  and  Wise  rivers.  Tributaries  with  high 
recreation  use  are  Canyon,  Wyman,  Birch,  and 
Seymour  creeks  and  the  upper  reaches  of  Trapper 
Creek.  Other  tributaries  In  the  Big  Hole  drainage 
have  moderate  to  low  use. 

Ruby  River  Drainage 

Angler  use  on  the  Ruby  River  Is  moderate,  aver- 
aging 5,725  angler  days  per  year  below  Ruby  Reser- 
voir and  1 ,040  days  peryear  above  It.  MIU  and  Warm 
Springs  creeks  have  low  angler  use.  Angler  use  on 
other  streams  in  the  drainage  is  unknown.  Boat 
fishing  and  floating  are  secondary  uses  on  the  Ruby, 
with  most  floating  between  Sheridan  and  Twin 
Bridges  (Fischer  1986).  Summer  flows  can  be  too  low 
to  float.  Other  streams  In  the  drainage  usualfy  are 
not  boated. 

Shoreline  use  is  high  on  the  upper  Ruby  and 
Cottonwood,  Mill,  and  Warm  Springs  creeks.  Other 
streams  have  moderate  to  low  use.  Mill  Creek  has 
the  most  developed  recreation  sites  (four)  of  any 
stream  In  the  drainage.  Cottonwood  Creek  and  the 
lower  Ruby  each  have  one  recreation  site. 

Red  Rock/beaverhead  River  drainage 

Fishing  Is  the  primary  recreation  in  this  drain- 
age. The  Beaverhead  River  had  a  yearly  average  of 
22.356  angler  days  from  1982  to  1986.  A  popular 
reach  for  boat  flshlng  and  floating  extends  from  Clark 
Canyon  Dam  to  Barretts  Dam  near  Dillon  (Oswald 
1990).  Summer  water  levels  vary  with  releases  from 
Clark  Canyon  Dam  (Fischer  1986).  Clark  Canyon 
Reservoir  on  the  Beaverhead  River  sustains  the  high- 
est angler  use  of  any  reservofr  or  lake  In  this  drain- 
age, with  an  average  of  40,337  days  per  year  (Table  4- 
47).  Other  streams  with  moderate  angler  use  are: 
Red  Rock  River  from  Lima  Dam  to  Clark  Canyon 
Reservofr  with  2,928  angler  days  per  year;  Grass- 
hopper Creek  with  2,440;  Bloody  Dick  Creek  with 
2,404;  Blacktall  Deer  Creek  with  1,956;  and 
Poindexter  Slough  with  1,459.  Angler  use  on  other 
streams  Is  low  or  unreported. 

Low  angler  use  occurs  on  tributaries  to  Upper 
and  Lower  Red  Rock  lakes.  Some  floating  occurs  on 
Red  Rock  Creek,  Red  Rock  River,  lower  Grasshopper 
Creek,  Blacktall  Deer  Creek,  and  Poindexter  Slough. 
Other  streams  are  usually  not  boated. 

Shoreline  use  is  moderate  or  high  on  the  Beaver- 
head and  Red  Rock  rivers;  Big  Sheep,  Bloody  Dick, 
Red  Rock,  Grasshopper,  and  Horse  Prairie  creeks; 


Poindexter  Slough;  and  Blacktall  Deer  Creek  and  its 
forks.  Most  developed  recreation  sites  are  located 
along  the  Beaverhead  River  and  Grasshopper  Creek. 

Upper  Missouri  Subbasin 

Tlie  Missouri  River  corridor  from  Three  Forks  to 
Great  Falls  receives  a  high  proportion  of  reported 
visits  to  Missouri  basin  rivers  and  reservoirs  (DNRC 
1990b).  i^proxlmatefy  1 1  percent  of  state  residents 
visit  the  Missouri  River  segment  from  Three  Forks  to 
Canyon  Ferry.  17  percent  visit  Canyon  Ferry  Reser- 
vofr. 15  percent  visit  Hauser  and  Holter  reservoirs, 
and  1 1  percent  visit  the  segment  from  Holter  Reser- 
vofr to  Great  Falls.  Canyon  Ferry,  Hauser,  and  Holter 
reservoirs  receive  substantial  use  both  from  local 
residents  and  out-of-basln  residents,  giving  them  a 
regional  If  not  statewide  Importance.  Use  is  mostly 
from  local  people  on  the  two  segments  of  the  Mis- 
souri above  and  below  these  reservoirs  and  on  the 
Dearborn,  Smith,  and  Sun  rivers  (see  Table  4-48). 

Map  4-9  shows  angler  use,  selected  recreation 
sites,  and  estimated  nonangler  use  levels  on  selected 
streams  in  the  Upper  Missouri  Subbasin.  Table 
4-49  lists  angler  use  on  selected  reservoirs  in  this 
subbasin. 

Angler  use  in  the  Upper  Missouri  Subbasin  is 
significant,  totaling  184,731  days  during  1985.  This 
represents  15.5  percent  of  the  total  1,193.000  days 
of  statewide  use  (see  Map  4-7). 

Missouri  River  Drainage  - 
Three  Forks  to  holter  dam 

The  Missouri  River  from  Three  Forks  to  Holter 
Dam  sustains  high  angler  use.  From  Three  Forks  to 
Canyon  Ferry  Dam,  angler  use  averaged  11 . 1 62  days 
per  year  from  1982  to  1986.  This  reach  provides 
numerous  opportunities  for  boat  and  shore  fishing, 
floating,  and  shoreline  recreation.  For  the  same 
period,  the  segment  from  Canyon  Ferry  Dam  to 
Hauser  Dam  averaged  8,784  angler  days  per  year, 
whUe  the  reach  from  Hauser  to  Holter  Dam  averaged 
15,656  angler  days  peryear. 

Canyon  Feny  Reservofr,  with  804,500  visitors  in 
1986,  Is  the  most  heavily  used  recreation  area  In 
Montana,  providing  numerous  opportunities  for 
water-related  recreation  throughout  the  year.  The 
reservofr  has  the  highest  reported  angler  use  of  all 
Missouri  basin  reservoirs  and  lakes,  with  a  yearly 
average  of  82,980  angler  days  between  1982  and 
1986.  Recreation  facilities  at  Canyon  Ferry  Include 
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Table  4-48.  Use  of  Upper  Missouri  Subbasin  rivers  and  reservoirs  by  Montana  resident  and  nonresident  anglers 

(Percentage  ot  population  visiting  Upper  Missouri  Subbasin  drainages  in  1989) 

Residents  of        Residents  of        Residents  of        Residents  of         Combined 

Upper  Missouri     Middle  Missouri        remainder  statewide  Nonresident 

anglers 


Drainage  or  reservoir 


Headwaters 
Subbasin 


Subbasin 


Subbasin 


remainder 
of  state 

statewide 
total 

8% 

11% 

12% 

17% 

10% 

15% 

5% 

11% 

1% 

4% 

3% 

5% 

3% 

6% 

2% 

4% 

Missouri — ^Three  Forl<s  to 
Canyon  Ferry  23% 

Canyon  Ferry 

Reservoir  30% 

Hauser  and  Holter 

Reservoirs  16% 

Missouri — Holter  Reservoir 
to  Great  Falls  6% 

IDearborn  2% 

Smith  3% 

Sun  3% 

Belt  Creek  1% 

Missouri — Great  Falls  to 
Fort  Benton  4% 


26% 

38% 

49% 

47% 
20% 
16% 
16% 
22% 

18% 


5% 
8% 

10% 

9% 

3% 

3% 
9% 
4% 

10% 


4% 


7% 


9% 

8% 

8% 

5% 
2% 
5% 
1% 
2% 

4% 


Column  percentages  will  not  total  100  because  respondents  could  answer  more  than  one  Item. 
Subbasin  boundaries  used  in  the  survey  differed  slightly  from  those  in  this  EIS. 
Source:  DNRC  1990b 


12  developed  campgrounds,  four  day-use  only  sites, 
and  seven  boat  ramps.  Approximately  35,000  acres 
of  open  water  are  used  for  boating,  waterskilng,  fish- 
ing, sailing,  and  wind  surfing.  About  265  cabins  and 
year-round  residences  occupy  parts  of  the  shoreline 
(DFWP  1989). 

Low  reservoir  levels  from  1987  through  1990 
have  affected  recreation  at  Canyon  Ferry  Reservoir. 
In  the  spring  of  1989,  the  surface  water  level  was 
more  than  20  feet  below  the  normal  operating  eleva- 
tion of  3,797  feet.  Boat  access  was  difficult  because 
some  ramps  did  not  reach  the  water.  Water  surface 
reached  a  30-year  low  level  in  March  1989  at  3,774 
feet — 23  feet  below  full  pool.  Most  boat  ramps  on 
Canyon  Ferry  are  unusable  below  3,777  feet 
(Campbell  1990).  Low  water  also  caused  problems 
for  private  cabin  owners  when  docks  became  unus- 
able. Exposure  of  rocks  and  sand  bars  created  nui- 
sances and  hazards  for  motorboats  and  waterskiers. 

Hauser  Reservoir  also  is  Important  for  recreation. 
Angler  use  averaged  28,307  days  per  year  between 
1982  and  1986.  Five  recreation  sites  are  located 
along  this  Impounded  15.5-mile  reach  of  the  river. 


The  3.5-mile  flowing  stretch  of  the  Missouri  River 
below  Hauser  Dam  is  important  for  fishing,  floating, 
and  hiking.  E^le  watching  is  popular  in  the  late  fall 
between  Hauser  and  Canyon  Ferry  dams.  Fishing  is 
the  primary  activity  on  this  segment. 

Holter  Reservoir  provides  numerous  opportuni- 
ties for  water-related  recreation.  Six  public  camp- 
grounds and  a  private  boat  club  are  located  along 
this  reservoir.  Holter  Reservoir  has  the  second  high- 
est reported  angler  use  for  reservoirs  and  lakes  In  the 
Missouri  basin,  with  an  average  of  74,864  days  per 
year  fTable  4-49). 

MPC  estimated  that  1 16,000  visitors  used  Hauser 
Reservoir  recreation  sites  during  the  summer  of  1982, 
with  fishing  and  relaxing  as  the  most  popular  activities 
(McCool  1982;  WestemAnalysls  1982).  Hauser,  Holter, 
and  Caityon  Ferry  reservoirs  receive  primarily  local  use. 
Canyon  Ferry  Reservoir  also  receives  substantial 
use  from  surrounding  coimties. 

Missouri  River  tributaries  also  are  used  for  fish- 
ing and  shoreline  recreation.  Moderate  amounts  of 
angler  use  occur  on  SIxteenmile,  Crow,  Diy,  Beaver, 
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Table  4-49.  Angler  use  of  reservoirs  and  lakes  In  the  Upper  Missouri  Subbasin  from  1982  to  1986 


1982- 

1983- 

1984- 

1985- 

Avg.1982- 

(n) 

1983 

1984 

1985 

1986 

1986 

Bean  Lake 

{n=4) 

5,183 

10,404 

8.181 

5,090 

7,215 

Canyon  Ferry 

{n=4) 

110,689 

79,207 

65,771 

76,254 

82,980 

Hauser  Lake 

(n=4) 

40,225 

23,677 

26,145 

23,180 

28,307 

Holter  Lake 

(n=4) 

86,636 

68,903 

68,217 

75,699 

74,864 

Lake  Helena 

(n=4) 

3,103 

1,766 

1,261 

3,416 

2.387 

Lake  Sutherlin 

(n=0) 

b 

b 

b 

b 

0 

Toston  Reservoir 

(n=1) 

b 

b 

b 

197 

197 

n  =  number  of  years  out  of  four  witfi  reported  fishing  pressure 

*  Angler  day  =  one  fisfierman  fisfiing  one  body  of  water  for  any  lengtfi  of  time  on  one  day 

^  No  data  available 

Source:  DFWP  1989 


Prickly  Pear,  and  Trout  creeks  (Appendix  H).  Other 
tributaries  to  this  reach  of  the  Missouri  have  low  or 
unreported  levels  of  fishing. 

The  Missouri  River  corridor  has  most  of  the  de- 
veloped recreation  sites  in  this  area,  but  some  tribu- 
taries also  have  sites:  Deep  Creek  with  two  devel- 
oped sites,  Tenmlle  Creek  with  three.  Trout  Creek 
with  one,  and  Beaver  Creek  with  two.  Most  of  these 
sites  are  on  National  Forest  land. 

Missouri  River  drainage  - 
Holter  dam  to  belt  creek 

The  Missouri  River  from  Holter  Dam  to  the  Cas- 
cade bridge  had  the  highest  reported  angler  use  of 
any  stream  reach  In  the  basin  between  1982  and 
1986  (DFWP  1989).  averaging  53.477  days  peryear. 
Proximity  to  both  Great  Falls  and  Helena  and  an 
excellent  fishery  contribute  to  this  high  use.  The 
reach  from  the  Cascade  bridge  to  Morony  Dam  also 
received  high  angler  use.  averaging  2 1 .2 14  days  per 
year  (Appendix  H). 

Fishing  and  floating  are  primary  activities  on  this 
heavily  used  stretch  of  the  Missouri  River.  About  15 
recreation  sites  provide  opportunities  for  shoreline 
recreation  and  access  to  the  river  between  Holter 
Dam  and  Great  Falls.  Several  of  these  sites  are 
located  along  the  Missouri  River  Recreation  Road, 
extending  from  south  of  Wolf  Creek  to  Hardy. 

Tributaries  to  this  segment  of  the  Missouri 
River— Little  Prickly  Pear.  Wolf.  Canyon,  and  Lyons 
creeks — have  moderate  to  low  angler  use.  MPC  stud- 


ies (Western  Analysis  1982;  Wirth  Environmental 
Services  1983)  show  that  shore  fishing,  bird  hunt- 
ing, deer  hunting,  and  floating  are  popular  activities 
from  Holter  Reservoir  to  Fort  Peck  Reservoir.  Activi- 
ties were  dispersed  along  the  river  with  some  concen- 
trated use  near  Morony  Dam. 

dearborn  River  drainage 

Angler  use  on  the  Dearborn  River  is  moderate, 
averaging  1.672  days  per  year  between  1982  and 
1986.  The  Dearborn  River  provides  opportunities  for 
boating  and  floating,  with  the  19-mIle  stretch  from 
the  U.S.  Highway  287  bridge  to  the  Missouri  River 
most  popular.  By  midsummer  of  most  years,  low 
water  makes  most  of  the  stream  unsuitable  for  float- 
ing (Fischer  1986).  One  developed  recreation  site 
is  located  on  National  Forest  land  on  the  upper 
Dearborn.  e 

Bean  Lake  sustains  moderate  angler  use.  aver- 
aging 7.2 15  days  per  year  between  1982  and  1986. 
One  recreation  site  provides  opportunities  for  boat- 
ing, fishing,  picnicking,  and  camping. 

Smith  River  Drainage 

Angler  use  on  the  Smith  River  is  moderate,  aver- 
aging 8,080  da)^  per  year  above  Hound  Creek  and 
4.541  below.  The  Smith  River  is  one  of  Montana's 
more  popular  rivers,  with  floating  and  fishing  the 
most  important  recreational  uses.  The  most  popular 
stretch  includes  the  Smith  River  canyon  from  Camp 
Baker  to  Eden  bridge.  The  number  of  fioaters  has 
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varied  from  854  In  1985  to  2,654  In  1990  (Table  4- 
50).  Because  of  a  steadyjncrease  In  floating,  DFWP 
Is  Implementing  a  registration  and  fee  system  In 
1991.  The  duration  of  the  float  season  vgirles  from 
year  to  year  depending  on  snowpack.  rainfall.  Irriga- 
tion, and  releases  from  storage,  most  notably  Newlan 
Creek  Reservofr  fTable  4-50). 

The  lower  Smith  River  Is  used  primarily  for  day 
floats  between  the  Eden  and  Truly  bridges,  with  some 
picnicking  and  fishing  at  the  Truly  bridge  fishing 
access  site. 

Smith  River  tributaries  having  moderate  angler  use 
Include  Rock,  Sheep,  and  Hound  creeks  U^pendfac  H). 
Other  tributaries  have  low  angler  use.  One  recreation 
site  Is  located  on  Sheep  Creek 

Sun  River  drainage 

The  Sun  River  receives  moderate  angler  use,  with 
an  average  of  4.262  days  per  year  above  Muddy 
Creek  and  2,455  below.  Floating  and  shore  fishing 
are  Important  activities  on  the  Sun  River  (Appendix 
H).  There  Is  one  developed  recreation  site.  Floating 
begins  below  Gibson  Reservoir  and  downstream  of 
the  diversion  dam,  with  Whitewater  conditions  for 
the  first  25  miles  when  flows  are  high  (Fischer  1986). 
The  river  is  used  for  flatwater  floating  below  the  U.S. 
Highway  287  bridge  near  Augusta.  Floating  on  the 
Sun  Is  affected  by  diversions  between  Gibson  Dam 
and  Fort  Shaw. 

Tributaries  are  used  for  fishing  and  shoreline 
recreation.  Angler  use  on  Elk  Creek  is  moderate, 
averaging  1,469  days  per  year.  Other  tributaries 
have  low  or  unreported  angler  use  (/^pendlx  H) .  Five 
developed  recreation  sites  are  located  on  National 
Forest  land  along  Sun  River  tributaries. 


Table  4-50.  Smith  River  floating 

1984  1985   1986  1987   1988  1989  1990 

Number  of 
registered 
floaters  1,971      854  1,962  1,242   1,462  2,395  2,654 

Date  when 
river  bacame 

generally        July    June  August  June    June    June    July 
unfloatable*     15       15        1        17        6        25       9 

*  100  cfs  at  Camp  Baker 

Source:  Heagney  1990,  Cheek  1989 


BELT  CREEK  DRAINAGE 

Belt  Creek  supports  an  average  of  8,059  angler 
daj^  per  year.  Shore  fishing  and  fioatlng  are  primary 
activities  (^pendlx  H).  Above  Monarch,  floating  Is  a 
secondary  activity.  Shoreline  recreation  occurs  at 
moderate  to  high  levels  along  Belt  Creek.  Recreation 
sites  are  most  common  above  the  RIcevIlle  bridge. 
Shoreline  recreation  Is  common  on  the  Diy  Fork  of 
Belt  Creek  and  In  TTllinghast,  Pilgrim,  Logging,  and 
Big  and  Uttie  Otter  creeks. 

Marias/Teton  Subbasin 

Angler  use  Is  generally  low  in  this  subbasin  (Map  4-7) , 
except  on  the  Marias  River,  Tiber  Reservoir,  and  Lake 
Ftances.  Map  4-10  and  Appendix  H  show  angler  use, 
selected  recreation  sites,  and  estimated  nonangler  use 
levels  on  streams  in  the  Marlas/Teton  Subbasin.  Table 
4-51  lists  angler  use  on  reservoirs  In  this  subbasin. 
The  Marias  and  Teton  rivers  receive  primarily  local  use 
rrable  4-52). 

Marias  River  Drainage 

The  Marias  River  supports  moderate  angler  use, 
averaging  3.156  days  per  year  between  1982  and 
1986  below  Tiber  Dam  and  1 .924  days  above.  Shore 
fishing  Is  a  primary  activity  on  the  Marias,  followed  by 
floating  (^pendlx  H). 

Recreational  use  Is  high  around  Tiber  Reservoir 
and  moderate  on  the  river.  One  developed  recreation 
site  Is  located  below  Tiber  Dam.  Tiber  Reservoir, 
covering  approximately  22,180  acres,  averaged 
13, 199  angler  days  per  year  between  1982  and  1986. 

Lake  Frances,  an  off-stream  storage  reservoir 
near  Valler,  averaged  10,718  angler  days  per  year 
between  1982  and  1986.  Besides  boating  and  fish- 
ing, the  reservofr  also  provides  opportunities  for  wind 
surfing  and  shoreline  activities. 

Tributaries  are  used  for  shore  fishing  and  shore- 
line recreation.  A  few  people  float  on  Birch  Creek 
from  Swift  Dam  to  the  Marias  River.  Two  Medicine 
River,  and  Badger  and  Cut  Bank  creeks  (Appendix 
H).  Use  levels  are  moderate  to  low  on  all  tributaries. 
Angler  use  is  low  on  area  tributaries.  Dry  Fork, 
Manas,  Laughlln  Coulee,  Timber  Coulee,  and  White- 
tall  Creek  have  undocumented  levels  of  use. 

Teton  River  drainage 

Recreational  use  In  this  drainage  is  very  low. 
Angler  use  on  the  Teton  River  averaged  390  days  per 
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Table  4-51.  Angler  use  of  reservoirs  and  lakes  In  the  Marlas/Teton  Subbasin  from  1982  to  1986 


(n) 


1982- 
1983 


Annual  Angler  Days' 

1983-  1984-  1985-  Avg.1982- 

1984  1985  1986  1986 


Tiber  Reservoir 
Lake  Frances 


(n=4) 
(n=4) 


8,591 
9,026 


14,837 
5,038 


n  =  number  of  years  out  of  four  with  reported  fishing  pressure 

*  Angler  day  =  one  fishierman  fishing  one  body  of  water  for  any  length  of  time  on  one  day 

Source:  DFWP  1989 


13,215 
8,211 


16,152 
20,597 


13,199 
10.718 


Table  4-52.  Use  of  Marlas/Teton  Subbasin  rivers  and  reservoirs  by  Montana  resident  and  nonresident  anglers 


Residents  of 

Headwaters 

Sutibasin 


(Percentage  of  population  visiting  Missouri  isasin  drainages  in  1989) 


Residents  of 

Upper  Missouri 

Subbasin 


Residents  of 

Middle  Missouri 

Subbasin 


Residents  of 

remainder 

of  state 


Combined 

statewide 

total 


Nonresident 
anglers 


Marias 
Teton 


2% 
4% 


6% 
4% 


17% 
8% 


2% 
1% 


Source:  DNRC  1990 

NR  -  Not  reported 

Column  percentages  will  not  total  100  because  respondents  could  answer  more  than  one  item. 

Subbasin  boundaries  used  in  the  survey  differed  slightly  from  those  in  this  EIS. 


5% 
3% 


NR 
3% 


year  above  Choteau  Eind  632  days  per  year  below 
Choteau  between  1982  and  1986.  Tributaries  in  this 
drainage  have  unknown  levels  of  angler  use.  The 
South  Fork  eind  Nortii  Fork  of  Deep  Creek  are  used 
for  shoreline  recreation.  Limited  floating  occurs  on 
the  Teton. 

Middle  Missouri  Subbasin 

Angler  use  on  Middle  Missouri  Subbasin  rivers 
and  streams  is  substantially  lower  than  in  the  Head- 
waters and  Upper  Missouri  subbasins,  probably  be- 
cause of  the  greater  distance  of  these  streams  from 
major  population  centers.  Angler  use  for  this  subba- 
sin in  1985  totaled  33.558  days,  representing  2.8 
percent  of  the  state  total  (Map  4-7).  Map  4-11  shows 
angler  use.  selected  recreation  sites,  and  estimated 
nonangler  use  levels  on  streams  in  the  Middle  Mis- 
souri Subbasin.  Table  4-53  lists  angler  use  on  se- 
lected reservoirs  in  this  subbasin. 

Survey  results  indicate  that  the  Judith  and 
Musselshell  rivers  and  Big  Spring  Creek  receive 


mostly  local  use  (DNRC  1990b).  Reported  visits  are 
low  compared  to  other  basin  rivers  (Table  4-54) .  The 
Missouri  River  below  Fort  Benton  receives  state-wide 
use. 

Missouri  River  Drainage  - 
Belt  Creek  to  Fort  peck  reservoir 

Angler  use  is  moderate  on  the  Missouri  River 
below  Great  Falls.  The  reach  from  Morony  Dam  to 
the  Marias  River  averaged  7,640  angler  days  peryear 
between  1982  and  1986.  From  the  Marias  River  to 
Fort  Peck  Dam,  5,225  angler  days  per  year  were 
reported.  Boat  fishing,  shore  fishing,  and  floating 
are  popular  activities,  and  use  is  high  above  the  Fred 
Robinson  bridge  (Appendix  H). 

The  stretch  of  the  Missouri  between  Fort  Benton 
and  Fred  Robinson  Bridge  is  a  designated  Wild  and 
Scenic  river.  Boating  use  was  estimated  at  3,068  indi- 
vidual boaters  in  1989,  and  shoreline  visitors  were  esti- 
mated at  15,771  (Biggs  1990).  There  are  13  recreation 
sites  and  6  designated  access  points  along  this  portion  of 
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Table  4-53.  Angler  use  of  reservoirs  and  lakes  In  the  Middle  Missouri  Subbasin  from  1982  to  1986 


1982- 

An 
1983- 

nuai  Angier  ua] 
1984- 

1985- 

Avg.1982- 

(n) 

1983 

1984 

1985 

1986 

1986 

Acl<ley  Lal<e 

(n-4) 

9.329 

3.875 

2.981 

121 

4,077 

Bair  Reservoir 

(n-3) 

1.948 

765 

709 

b 

1,141 

Deadmans  Basin  Reservoir 

(n-4) 

19.962 

20.978 

16,174 

11.952 

17,267 

Fort  Pecl<  Reservoir 

(n-4) 

22.722 

41.329 

23.226 

37.411 

31,172 

Martinsdale  Reservoir 

(n-4) 

11.089 

11.757 

15.767 

10.665 

12,320 

Petrolia  Reservoir 

(n-4) 

3.220 

410 

1,653 

105 

1,347 

n  =  number  of  years  out  of  four  with  reported  fishing  pressure 

*  Angler  day  =  one  fisherman  fishing  one  body  of  water  for  any  length  of  time  on  one  day 

*>  No  data  available 

Source:  DFWP  1989 


Table  4-54.  Use  of  Middle  Missouri  Subbasin  rivers  and  reservoirs  by  Montana  resident  and 
nonresident  anglers. 


(Percentage  of  population  visiting  Missouri  l)asin  drainages  in  1989) 


Drainage 

Residents  of 

Headwaters 

Sul>basin 

Residents  of 

Upper  Missouri 

Sut>basin 

Residents  of 

Middle  Missouri 

Subbasin 

Residents  of 

remainder 

of  state 

Combined 

statewide 

total 

Nonresident 
anglers 

Missouri  below 
Fort  Benton 

15% 

11% 

NR 

6% 

7% 

8% 

Judith 

2% 

3% 

8% 

2% 

3% 

2% 

Big  Spring 
Creek 

3% 

1% 

8% 

2% 

3% 

1% 

Musselshell 

3% 

3% 

10% 

7% 

7% 

2% 

Fort  Peck 

5% 

5% 

NR 

9% 

6% 

2% 

Source:  DNRC  1990b 

NR  =  not  reported 

Column  percents  will  not  total  100  because  respondents  could  answer  more  than  one  item. 

Subbasin  boundaries  used  in  the  survey  differed  slightly  from  those  in  this  EIS. 


the  Missouri  Five-year  trends  In  use  levels  from  1985 
through  1989  indicate  a  3.8  percent  Increase  In  boating 
visitor  days,  a  13.3  percent  Increase  In  bankslde  visitor 
days,  andacomblnedvlsltor  day  increase  of  9.2  percent. 
As  defined  by  BLM,  a  visitor  d^  Is  use  d"  an  area  for  1 2 
hours  by  one  or  more  persons.  Of  the  r^lsteredgroups 
visiting  Fort  Benton  Visitor  Center,  3 1  percent  were  from 
Montana,  5 1  percent  fiiom  other  states,  1 5  percent  from 
Canada,  and  3  percent  fix)m  countries  other  than 
Canada. 

Hlghwood  and  Shonkln  creeks,  two  tributaries  of 
the  Missouri  near  Fort  Benton,  have  moderate  levels 


of  angler  use.    Hlghwood  Creek  has  1,211  angler 
days  per  year,  and  Shonkln  Creek  has  1,642. 

Judith  river  drainage 

Several  streams  in  this  drainage  sustain  moder- 
ate levels  of  angler  use  in  spite  of  their  distance  from 
larger  population  centers.  Of  these ,  Big  Spring  Creek 
near  Lewistown  supports  the  highest  angler  use, 
averaging  8,196  days  per  year  from  1982  to  1986 
above  Cottonwood  Creek  and  2,786  below  it.  Angler 
use  is  moderate  on  the  Judith  River  above  Plum 
Creek,  on  Warm  Springs  Creek,  and  on  the  South 
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Fork  of  the  Judith.    Other  tributaries  have  low  or 
unreported  angler  use  (Appendix  H). 

The  Judith  River  from  Danvers  bridge  to  the  Ander- 
son bridge  Is  popular  for  floating  and  fishing.  This  reach 
is  fed  by  Warm  Spring  and  Big  Spring  creeks. 

Shoreline  recreation  is  moderate  to  low  through- 
out this  drainage,  except  for  Big  Spring  Creek  above 
Lewistown,  where  use  is  high.  Four  developed  recre- 
ation sites  are  located  along  Big  Spring  Creek.  Other 
recreation  sites  are  located  along  Warm  Springs 
Creek  and  the  upper  Judith  River. 

Musselshell  River  Drainage 

The  Musselshell  River  has  moderate  angler  use, 
providing  one  of  the  few  opportunities  for  river-based 
recreation  in  central  Montana.  Angler  use  averaged 
5,194  days  per  year  between  1982  and  1986  above 
Lavlna  and  3.869  below.  Shore  fishing  is  the  primary 
activity  on  the  Musselshell,  and  other  shoreline 
recreation  and  floating  are  secondary  activities 
(Appendix  H).  Use  is  moderate  for  the  upper  reach 
above  the  diversion  to  Deadmans  Basin  and  low  be- 
low it.  Eight  developed  recreation  sites  are  scattered 
along  the  river. 

Several  reservoirs  are  used  for  fishing  and  other 
water-related  recreation  (Table  4-53).  These  include 
Bair  Reservoir  on  the  North  Fork  of  the  Musselshell 
River,  Martinsdale  Reservoir  near  Martinsdale. 
Deadmans  Basin  Reservoir  near  Shawmut,  Ackley 
Lake  west  of  Lewistown,  and  Petrolia  Reservoir  on 
Flatwillow  Creek.  Deadmans  Basin  and  Martinsdale 
reservoirs  have  developed  facilities  for  shoreline  ac- 
tivities, including  several  summer  cabins  at 
Deadmans  Basin. 

Tributaries  are  used  for  shore  fishing  and  shore- 
line recreation.  Angler  use  is  low  with  the  exception 
of  AmeriCEm  Fork  Creek  south  of  Harlowton.  This 
stream  averaged  1,106  days  per  year  between  1982 
and  1986.  Nonangler  recreation  use  is  high  for  Spring 
and  Flatwillow  creeks,  and  moderate  for  the  North 
Fork  of  the  Musselshell  and  the  upper  reaches  of 
Careless  and  Swimming  Woman  creeks. 

Fort  Peck  reservoir, 
Little  dry  creek,  and  big  dry  creek 

Fort  Peck  Reservoir,  with  over  245,(XX)  acres  of  the 
reservoir  and  along  approximately  1 ,540  miles  of  shore- 
line, has  moderate  levels  of  angler  use,  averaging  3 1 , 1 72 
d^^peryearfixim  1982  to  1986.  Shoreline  activities  are 
concentrated  at  the  18  recreation  sites. 


Recent  diy  years,  combined  with  water  releases 
by  the  U.S.  Army  Corps  of  Engineers,  have  lowered 
reservoir  levels  30  to  40  feet  below  the  normal  oper- 
ating pool  elevation  of  2.246  feet  (Sheffield  1990). 
Boat  access  to  the  reservoir  was  difficult  or  Impos- 
sible until  most  ramps  were  extended  or  relocated. 
Low  water  also  has  exposed  large  mud  flats  and 
created  underwater  hazards  for  boats. 

No  water-related  recreation  Is  reported  for  Little 
Dry  and  Big  Dry  creeks,  two  tributaries  to  Fort  Peck 
Reservoir  east  of  Jordan. 

HYDROPOWER 

Eleven  hydroelectric  facilities  In  the  Missouri 
River  are  owned  and  operated  by  four  different  enti- 
tles as  shown  in  Table  4-55  and  on  Map  4-12. 

The  total  generating  capacity  of  all  types  of  facili- 
ties in  the  state  is  approximately  4,800  megawatts 
(MW)  (DOE  1989a).  Approximately  50  percent  of  this 
capacity  is  from  hydropower,  with  566.1  MW 
produced  by  facilities  on  the  Missouri  and  Madison 
rivers. 

Montana  is  a  net  exporter  of  electricity.  Annual 
electricity  consumption  in  the  state  averaged  12,000 
glgawatt  hours  for  the  years  1985  through  1987, 
whereas  electricity  production  for  the  same  period 


Table  4-55.  Missouri  basin  hydroelectric  plants  In 

Montana. 

Generating 
Capability^ 

Facility 

Owner 

Units 

(IWW) 

Black  Eagle 

MPC 

3 

18 

Broadwater 

DNRC 

1 

10" 

Canyon  Ferry 

BUREC 

3 

59.1 

Cochrane 

MPC 

2 

50 

Fort  Peck 

U.S.  Army  Corps 
of  Engineers 

5 

213 

IHauser 

MPC 

6 

16.5 

Holier 

MPC 

4 

49 

Madison 

MPC 

4 

8.5 

Morony 

MPC 

2 

47 

Rainbow 

MPC 

8 

35 

Ryan 

MPC 

6 

60 

Capability  reflects  actual  generating  experience  and  may  be 
greater  or  less  than  the  manufacturer's  nameplate  capacity  rating. 
Nameplate  capacity.  The  Broadwater  plant  has  not  operated  long 
enough  to  establish  its  capability. 
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averaged  20.700  glgawatt  hours.  About  9,936  Giga- 
watt  hours,  or  48  percent  of  the  total  electricity  gen- 
erated in  Montana,  was  produced  at  hydroelectric 
facilities.  Nationwide,  only  11.5  percent  of  all  elec- 
tricity produced  is  from  hydropower. 

Electric  utility  rates  in  Montana  are  among  the 
lowest  In  the  nation,  primarily  because  of  low  cost 
hydropower.  Average  residential  rates  in  Montana 
are  5.5cents  per  kilowatt  hourwhile  the  U.S.  average 
is  7.4  cents  (DOE  1988).  Average  commercial  rates 
in  Montana  are  4.9  cents  per  kilowatt  hour  while 
the  U.S.  average  Is  7.1  cents.  Average  Industrial 
rates  In  Montana  are  2.9  cents  per  kilowatt  hour 
while  the  U.S.  average  Is  4.9  cents.  Only  Washington 
and  Idaho  have  lower  average  rates  in  all  three  cat- 
egories. Oregon  and  Tennessee  have  lower  residen- 
tial rates  but  higher  commercial  and  Industrial  rates. 

There  Is  potential  for  additional  hydroelectric 
production  in  the  Missouri  basin.  At  this  time,  how- 
ever, most  of  the  emphasis  Is  on  upgrading  existing 
facilities. 

Federal  Relicensing  of  MFC's  Dams 

The  Montana  Power  Company  owns  and  oper- 
ates nine  dams  on  the  Madison  and  Missouri  rivers, 
with  a  total  storage  capacity  of  about  581,000  acre- 
feet.  Hebgen  Dam  on  the  upper  Madison  is  used  to 
provide  stored  water  to  MFC's  downstream  hydro- 
power  facilities.  The  other  eight  dams — Madison, 
Hauser,  Holter,  Black  E^gle,  F^an,  Cochrane,  Rain- 
bow, and  Morony — are  equipped  to  generate  hydro- 
electricity.  They  have  a  collective  capacity  of  286  MW 
and  generate  an  annual  average  of  about  217  MW. 

MFC  operates  these  facilities  under  a  50-year 
license  from  the  Federal  Energy  Regulatory  Commis- 
sion (FERC),  and  the  license  is  due  to  expire  In  1994. 
MFC  must  submit  an  application  for  a  new  license 
by  1992.  In  this  application,  MFC  plans  to  propose 
that  several  of  the  dams  be  repaired,  upgraded,  and 
expanded  (Table  4-56).  Upgrading  the  generation 
facilities  would  provide  about  63  additional  MW  of 
capacity. 

Under  the  FERC  relicensing  process,  MFC  must 
consult  with  state  resource  agencies  to  Identify  infor- 
mation needs  and  the  necessary  studies  to  obtain 
Information.  MFC  has  completed  the  first  round  of 
agency  consultation  and  Is  working  on  a  number  of 
studies  to  Identify  the  effects  of  the  proposed  modifi- 
cations.   Studies  are  under  way  on  a  number  of 


recreation,  fisheries,  wildlife,  and  economic  issues. 
Results  from  these  studies  will  be  Included  In  MFC's 
application  to  FERC. 

One  possible  result  of  the  proposed  upgrades 
and  expansions  may  be  that  the  facilities'  water  use 
will  change.  A  change  in  the  type  or  quantity  of 
use  may  require  MFC  to  file  for  new  water  rights. 
Table  4-56  Indicates  the  changes  foreseen  at  MFC's 
faclUtles. 


Table  4-56.  Planned  modifications  to  MFC's  Missouri 
basin  hydroelectric  facilities. 


HEBGEN: 


MADISON: 


HAUSER: 


HOLTER: 


BLACK 
EAGLE: 


RAINBOW: 


COCHRANE: 


RYAN: 


MORONY: 


No  modifications  to  the  facilities  or  to 
historical  release  patterns. 

Rehabilitate  and  replace  existing  equipment 
to  increase  power  production  capability  with 
the  same  hydraulic  capacity.  No  changes  in 
historical  release  patterns. 

Rehabilitate  and  replace  equipment  to 
increase  power  production  capability  with 
the  same  hydraulic  capacity.  No  changes  in 
historical  release  patterns. 

No  modifications  to  the  facilities  or  to  histori- 
cal release  patterns. 

First,  raise  tailwater  elevation  to  eliminate 
existing  cavitation  problem  and  increase 
generation  capacity  up  to  rated  value. 
Second,  increase  hydraulic  capacity.  No 
real  changes  in  historical  release  patterns. 

Rehabilitate  existing  equipment,  reconstruct 
power  generation  facilities,  and  increase 
hydraulic  capacity.  No  real  changes  in  his- 
torical release  pattems. 

Raise  dam  to  produce  more  head.  This 
would  be  done  in  conjunction  with  tailrace 
modifications  at  Rainbow  Dam.  Modify 
operations  to  allow  for  load  shaping  at 
Ryan  Dam. 

Expand  facilities  to  increase  hydraulic 
capacity  and  power  generation  capabilities. 
Modify  operations  to  increase  load  shaping 
capabilities. 

No  physical  modifications  but  some  opera- 
tional changes  to  accommodate  modifica- 
tions at  Cochrane  and  Ryan  dams. 


Source:  MPC  1989 


127 


SOCIOECONOMICS 

Employment 

The  relative  Importance  of  the  various  sectors  of 
Montana's  economy  has  changed  markedly  over  the 
last  four  decades  (Figure  4-16).  Relative  employment 
in  the  service,  finance,  and  other  nonagriculture  pro- 
prietor sector  increased  more  than  260  percent  be- 
tween 1950  and  1987,  accounting  for  41  percent  of 
Montana's  total  work  force  in  1987.  The  relative  em- 
ployment in  government  (schools  and  local,  state, 
and  federal  agencies),  wholesale  and  retail  trade,  and 
transportation  sectors  has  gradually  shifted  over  the 
last  40  years,  but  these  sectors  together  continue  to 
comprise  approxlmatety  44  percent  of  Montana  em- 
ployment. The  most  dramatic  trend  is  the  relative 
decrease  In  the  minerals,  manufacturing,  and  con- 
struction sector  and  in  the  agricultural  sector,  both  of 
which  have  shrunk  almost  65  percent  (Figure  4-16). 
Farmers  and  ranchers  have  continued  to  Increase 
their  farm  productivity,  while  reducing  their  employ- 
ment levels.  The  service  industry  has  expanded  and 
now  provides  the  largest  portion  of  employment  in 
both  the  state  and  in  the  Missouri  River  basin. 

The  employment  trends  in  the  Missouri  River 
basin  over  the  last  20  years  are  only  slightly  less 
dramatic  than  statewide  trends  over  the  past  40  years 


(Figure  4-17).  The  service,  finance,  and  other 
nonagriculture  proprietor  sector  Increased  by  39 
percent  between  the  early  1970s  and  mid-1980s  to 
32  percent  of  the  total.  Over  the  same  period,  both 
the  agriculture  sector  and  the  manufacturing,  miner- 
als, and  construction  sector  dropped,  declining  about 
30  percent  (Figure  4-17).  The  other  major  economic 
sectors  changed  very  little  in  employment. 

Income 

Over  the  past  four  decades,  Montana's  income 
trends  have  generally  followed  its  employment  trends. 
Relative  service,  finance,  and  other  nonagriculture 
proprietor  income  has  increased  almost  260  percent, 
while  relative  agricultural  earnings  have  declined 
more  than  89  percent  (Figure  4-18).  Increased  farm 
productivity  and  slowing  demand  for  agricultural 
products  have  depressed  agricultural  income.  The 
service,  finance,  and  other  nonagriculture  proprietor 
sector  is  the  largest  source  of  income  in  both  the  state 
and  the  Missouri  basin. 

Relative  Income  in  the  Missouri  River  basin  is 
dominated  by  the  service  sector,  which  has  grown 
steadily  over  the  past  20  years  to  provide  over  50 
percent  of  basin  income  (Figure  4-19).  During  the 
same  period,  agricultural  income  has  contracted 
sharply,  becoming  the  smallest  sector,  providing  3 
percent  of  basin  Income. 


Figure  4-16.  Montana  employment  trends 


Figure  4-17.  Missouri  basin  employment  trends 


Sector  employment  percentages 


Twenty-six  Missouri  basin  counties 


1960s  1970s  1980s 

Employnwnt  by  Sector 


1969-1972  1973-1977  1978-1982  1983-1987 

Employm»nl  by  S*ctor 


Source:  Martin,  1989. 


Source:  U.S.  Bureau  of  Economic  Analysis,  1989. 
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Figure  4-18.  Montana  earnings  trends 


Sector  personal  earnings  percentages 


19609  19706  1980S 

Earnings  by  Sector 


Figure  4-19.  Missouri  basin  personal  Income  trends 


Twenty-six  Missouri  basin  counties 


196B-1972  1973-1977  1978-1962 

Incoms  by  Ssctor 


Source:  Martin,  1989. 


Source:  U.S.  Bureau  of  Economic  Analysis,  1989. 
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Taxation 

The  sectors  of  Montana's  economy  are  taxed  In  a 
different  manner  and  at  varying  rates.  Agricultural 
land  Is  taxed  at  30  percent  of  its  production  capacity. 
In  1987.  irrigated  land  in  Montana  was  assessed  at 
ein  average  of  $9.40  per  acre,  38  percent  more  per 
acre  than  dry  cropland  and  almost  nine  times  the 
per-acre  taxable  value  of  rangeland  at  $1.06  (Mon- 
tana Department  of  Revenue  1988).  Improvements 
to  agricultural  property  such  as  outbuildings  and 
wells  are  taxed  at  3.088  percent  of  market  value. 
Agriculture  represented  about  14  percent  of  total 
statewide  taxable  value  in  1 987 ,  or  about  $80  million 
(Martin  1989).  Tables  4-58  through  4-61  show  sub- 
basin  tax  valuation  and  receipts. 

Public  utility  property  such  as  Montana  Power 
Compares  nine  storage  and  hydroelectric  dams  in  the 
Missouri  River  basin  Is  centrally  assessed  by  the  Mon- 
tana Department  of  Revenue  at  12  percent  of  market 
value.  Thefacllltytaxablevaluewasabout$13.5mllllon 
in  1988,  on  which  MPC  paid  $1,617,508  in  property 
taxes  (Kent  1991). 

The  following  sections  describe  agriculture's  role 
in  basin  and  subbasln  economies.  The  values  of 
water-based  recreation  and  hydropower  production 
are  discussed  in  their  respective  sections. 


Missouri  River  Basin  Agriculture 

ECONOMY 

Farm  related  employment  In  the  26  counties  that 
comprise  the  Missouri  River  basin  accounted  for 
about  10  percent  of  total  basin  employment  In  1987, 
and  was  slightly  higher  than  the  statewide  average  of 
9  percent  (Table  4-57).  Basin  farm  employment  in- 
creased over  6  percent  between  1977  and  1987, 
while  statewide  farm  employment  increased  8  per- 
cent during  the  same  period.  Basin  farm  employ- 
ment accounted  for  46  percent  of  total  statewide 
farm  employment. 

Farm  income  (including  transfer  payments) 
totaled  approximately  6  percent  of  all  1987  income 
in  the  basin,  a  slightly  higher  portion  than  the 
1987  statewide  figure  of  5  percent.  Farm  income 
figures  more  than  doubled  between  the  years  of  1 977 
and  1987.  Although  some  of  this  increase  is  due  to 
a  doubling  of  government  farm  payments  over  this 
10-year  period,  the  very  large  increase  suggests 
that  other  temporary  factors,  including  drought, 
depressed  farm  Income  during  the  1977  reporting 
period. 

Agricultural  sales  in  the  Missouri  River  basin 
totaled  $788  million  in  1987,  or  approximately  54 
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Table  4-57.  Economic  baseline  d^ta— Missouri  River  basin  above  Fort  Pecl<  Dam 

* 

' 

t    w*t P»- 

t 

Missouri 
River  Basin 
Percent  of 

—  Montana  ~ 

MISsoun  niver  oasin 

Percent 

Percent 

Montana 

Category 

1977" 

1987 

Cliange 

1977 

1987 

Change 

1977 

1987 

Total  Employment 

366.201 

407,289 

11% 

162.289 

175,195 

8% 

44% 

43% 

Farm  Employment 

35,275 

38,096 

8% 

16.379 

17,433 

6% 

46% 

46% 

Percent  of  Total 

10% 

9% 

10% 

10% 

Total  Personal 

Income  ($000) 

$8,665,770 

$9,946,430 

15% 

$3,809,708 

$4,285,266 

12% 

44% 

43% 

Farm  Income  ($000) 

$208,184 

$493,678 

137% 

$102,403 

$266,741 

160% 

49% 

54% 

Percent  of  Total 

2% 

5% 

3% 

6% 

Total  Ag  Sales  ($000) 

$1,809,107 

$1,471,313 

-19% 

$  970.012 

$  787.781 

-19% 

54% 

54% 

Livestock  Sales  ($000) 

$976,422 

$884,173 

-9% 

$  461.288 

$  434,462 

-6% 

47% 

49% 

Percent  of  Total 

54% 

60% 

48% 

55% 

Crop  Sales  ($000) 

$832,685 

$587,140 

-30% 

$  508,720 

$  353,319 

-31% 

61% 

60% 

Percent  of  Total 

46% 

40% 

52% 

45% 

"  1977  dollars  are  adjusted  to  1987  dollar  equivalents. 
Sources: 

U.S.  Bureau  of  Economic  Analysis,  Regional  Economic  Information  System.  Unpublished  computerized  data,  Washington,  D.C.,  1989 

Montana  Department  of  Revenue,  Unpublished  Computerized  Data,  January  1989 

Montana  Department  of  Commerce,  Unpublished  Data,  ApriM  990 


percent  of  Montana's  total  agricultural  sales  (Table 
4-57).  Livestock  sales  in  the  basin  comprised  55 
percent  of  total  basin  agricultural  sales,  while  crop 
sales  totaled  $353  million  and  made  up  45  percent  of 
the  basin's  sales. 

Agricultural  economies  in  the  Missouri  River 
basin  are  dominated  by  the  Marias/Teton  and  Middle 
Missouri  subbasins.  The  Upper  Missouri  and  Head- 
waters subbasins  are  similar  to  statewide  patterns 
deriving  less  than  7  percent  of  their  employment  and 
less  than  4  percent  of  their  income  from  the  agricul- 
tural sector.  A  detailed  discussion  of  the  economies 
of  the  four  subbasins  is  presented  in  the  following 
sections. 

HEADWATERS  SUBBASIN 

Nearly  one  in  three  j  obs  within  the  Missouri  River 
basin  are  located  in  the  Headwaters  Subbasin;  how- 
ever, the  econonty  of  the  subbasin  is  less  dependent 
on  agricultural  production  than  is  the  basin  as  a 
whole.  In  1987,  farm  employment  in  the  Headwaters 
Subbasin  totaled  3.640.  or  7  percent  of  total  employ- 
ment (Table  4-58).  Farm  employment  in  the  subba- 
sin increased  by  20  percent  between  1977  and  1987. 


Between  1977  and  1987,  total  personal  income 
in  the  Headwaters  Subbasin  increased  at  a  slightly 
faster  rate  than  the  total  basin  increase  and  the 
statewide  increase.  In  1987.  farm  income  In  the 
subbasin  was  approximately  3  percent  of  total  per- 
sonal income.  Agricultural  sales,  which  totaled 
$165.6  million  in  1987,  were  related  mainly  to  live- 
stock sales.  Cash  receipts  from  crop  sales  amounted 
to  $42.2  million  or  26  percent  of  total  agricultural 
sales  in  the  subbasin.  The  taxable  valuation  of  agri- 
cultural machinery  and  land  was  $19.1  million  in 
1988,  and  accounted  for  1 2  percent  of  subbasin  total 
taxable  valuation. 

Upper  Missouri  Subbasin 

The  importance  of  agriculture  in  the  LJpper  Mis- 
souri Subbasin  is  much  less  prevalent  than  in  the 
other  three  subbasins  within  the  Missouri  River 
basin.  In  1987.  agricultural  employment  totaled 
2,840  and  accounted  for  4  percent  of  the  total  jobs 
in  the  subbasin  fTable  4-59).  Similarly,  farm  income 
in  1987  was  $29.9  million  and  totaled  only  2  per- 
cent of  all  income  in  the  basin.  Cash  receipts  from 
agricultural  sales  were  principal^  related  to  the  sale 
of  livestock  products  and  totaled  $112.3  million  in 
1987.    In  1988,  taxable  valuation  on  agricultural 
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Table  4-58.  Economic  baseline  data — Headwaters  Subbasin  of  the  Missouri  River  basin 


Percent  of 


Totals  — 

Missour 

1  River  Basin 

Category 

1977" 

1987 

Percent  Change 

1977 

1987 

Economic  Data: 

Total  Employment 

44,473 

52.807 

19% 

27% 

31% 

Farm  Employment 

3,039 

3,640 

20% 

19% 

21% 

Percent  of  Total 

7% 

7% 

Total  Personal  Income  ($000) 

$1,069,763 

$1,270,602 

18% 

28% 

30% 

Farm  Income  ($000) 

$19,612 

$43,325 

121% 

19% 

16% 

Percent  of  Total 

2% 

3% 

Total  Ag  Sales  ($000) 

$148,988 

$165,647 

11% 

15% 

21% 

Livestock  Sales  ($000) 

$111,887 

$123,407 

10% 

24% 

28% 

Percent  of  Total 

75% 

74% 

Crop  Sales  ($000) 

$37,100 

$42,240 

14% 

7% 

12% 

Percent  of  Total 

25% 

26% 

Tax  Data: 

19?9 

1999 

Subbasin  Taxable  Valuation  ($000) 

$156,813 

24% 

Ag  Taxable  Valuation  ($000) 

$19,073 

12% 

Percent  of  Total 

12.2% 

Mill  Levy 

283.41 

°  1977  dollars  are  adjusted  to  1987  dollar  equivalents. 
Sources: 

U.S.  Bureau  of  Economic  Analysis,  Regional  Economic  Information  System,  Unpublished  computerized  data,  Washington,  D.C.,  1989 

Montana  Department  of  Revenue,  Unpublished  Computerized  Data,  January  1989 

Montana  Department  of  Commerce,  Unpublished  Data,  April  1990 


Table  4-59.  Economic  baseline  data — Upper  Missouri  Subbasin  of  the  Missouri  River  basin 


Percent  of 


Totals 

Missour 

1  River  1 

3asln 

Category 

1977" 

1987 

Percent  Change 

1977 

1987 

Economic  Data: 

Total  Employment 

68,135 

73,327 

8% 

42% 

42% 

Farm  Employment 

2,387 

2,840 

19% 

15% 

16% 

Percent  of  Total 

4% 

4% 

Total  Personal  Income  ($000) 

$1,643,822 

$1,761,056 

7% 

43% 

41% 

Farm  Income  ($000) 

$19,387 

$29,877 

54% 

19% 

11% 

Percent  of  Total 

1% 

2% 

Total  Ag  Sales  ($000) 

$140,491 

$112,298 

-20% 

14% 

14% 

Livestock  Sales  ($000) 

$93,497 

$77,571 

-17% 

20% 

18% 

Percent  of  Total 

67% 

69% 

Crop  Sales  ($000) 

$46,994 

$34,727 

-26% 

9% 

10% 

Percent  of  Total 

33% 

31% 

Tax  Data: 

1999 

1999 

Subbasin  Taxable  Valuation  ($000) 

$175,828 

26% 

Ag  Taxable  Valuation  ($000) 

$17,036 

11% 

Percent  of  Total 

10% 

Mill  Levy 

254.26 

*  1 977  dollars  are  adjusted  to  1 987  dollar  equivalents. 
Sources: 

U.S.  Bureau  of  Economic  Analysis,  Regional  Economic  Information  System,  Unpublished  computerized  data,  Washington,  D.C.,  1989 

Montana  Department  of  Revenue,  Unpublished  Computerized  Data,  January  1989 

Montana  Department  of  Commerce,  Unpublished  Data,  April  1990 
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machinery  and  land  was  $1^.0  million  and  ac- 
cotinted  for  10  percent  of  the  total  valuation  in  the 
subbasin. 

Marias/Teton  Subbasin 

The  economy  of  the  Marias/Teton  Subbasin  is 
strongly  related  to  agricultural  production  (Table  4- 
60).  In  1987.  20  percent  of  total  employment  and  16 
percent  of  total  income  in  the  subbasin  were  related 
to  agriculture.  Between  1977  and  1987,  total  subba- 
sin employment  declined  by  4  percent  while  farm 
employment  remained  steady. 

Total  personal  Income  increased,  primarily  due 
to  increased  farm  income.  Total  agricultural  sales  In 
the  subbasin  decreased  from  $375.2  million  in  1977 
to  $276.1  miUion  by  1987  (Table  4-60).  AU  of  the 
decrease  in  agricultural  sales  was  attributable  to 
reduced  crop  sales.  In  1988,  taxable  valuation  in  the 
Marias/Teton  Subbasin  totaled  $175.4  million,  with 


39  percent  of  this  total  related  to  taxable  valuation  on 
agricultural  land  and  machlneiy. 

Middle  Missouri  subbasin 

The  economy  of  the  Middle  Missouri  Subbasin  of 
the  Missouri  River  basin  is  heavily  dependent  on 
agriculture.  In  1987,  approximately  25  percent  of 
subbasin  employment  and  14  percent  of  total 
personal  income  were  directly  attributable  to  agri- 
culture (Table  4-61).  Approximately  29  percent  of 
the  Missouri  River  basin  agricultural  economy 
was  related  to  farm  and  ranch  activities  in  the 
Middle  Missouri  Subbasin.  Cash  receipts  from  live- 
stock marketings  made  up  approximately  61  per- 
cent of  agricultural  sales  in  the  subbasin  in  1987. 
while  crop  receipts  totaled  $91.6  million  or  39  per- 
cent of  agricultural  sales.  Slightly  over  32  percent 
of  the  total  taxable  valuation  in  the  subbasin  Is 
related  to  the  valuation  on  agricultural  land  and 
machinery. 


Table  4-60.  Economic  baseline  data — Marias/Teton  Subbasin  of  the  Missouri  River  basin 


Category 

1977" 

Totals  — 

1987 

Percent  Change 

Percent  of 
Missouri  River  Basin 
1977                   1987 

Ecxinomic  Data: 

Total  Employment 

Farm  Employment 

Percent  of  Total 

28,162 

5,441 

'19.3% 

27,173 
5,445 

20.0% 

-4% 
0% 

17% 
34% 

16% 
32% 

Total  Personal  Income  ($000) 
Farm  Income  ($000) 
Percent  of  Total 

$616,236 

$30,068 

6% 

$708,257 

$115,654 

16% 

15% 
285% 

16% 
34% 

17% 
43% 

Total  Ag  Sales  ($000) 
Livestock  Sales  ($000) 
Percent  of  Total 

$375,241 

$81,295 

22% 

$276,079 

$91,308 

33% 

-26% 
12% 

39% 
18% 

35% 
21% 

Crop  Sales  ($000) 
Percent  of  Total 

$293,945 
78% 

$184,771 
67% 

-37% 

58% 

52% 

Tax  Data: 
Subbasin  Taxable  Valuation  ($000) 
Ag  Taxable  Valuation  ($000) 
Percent  of  Total 

1988 
$175,357 
$68,307 
39% 

1988 
26% 
44% 

Mill  Levy 

226.66 

"  1977  dollars  are  adjusted  to  1987  dollar  equivalents. 
Sources: 

U.S.  Bureau  of  Economic  Analysis,  Regional  Economic  Information  System,  Unpublished  computerized  data,  Washington,  D.C.,  1989 

Montana  Department  of  Revenue,  Unpublished  Computerized  Data,  January  1989 

Montana  Department  of  Commerce,  Unpublished  Data,  April  1990 
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Table  4-61 .  Economic  baseline  data— Middle  Missouri  Subbasin  of  the  Missouri  River  basin 


Percent  of 


Category 

1977" 

1  \/&Cil9     - 

1987 

Percent  Change 

1977 

1    VII  V^l     u 

'a^iii 

1987 

Economic  Data: 

Total  Employment 

22,059 

21,888 

-1% 

13% 

12% 

Farm  Employment 

5,512 

5,508 

0% 

34% 

32% 

Percent  of  Total 

25% 

25% 

Total  Personal  Income  ($000) 

$479,887 

$545,351 

14% 

13% 

13% 

Farm  Income  ($000) 

$28,336 

$77,885 

175% 

28% 

29% 

Percent  of  Total 

6% 

14% 

Total  Ag  Sales  ($000) 

$305,290 

$233,757 

-23% 

31% 

30% 

Livestock  Sales  ($000) 

$174,609 

$142,176 

-19% 

38% 

33% 

Percent  of  Total 

57% 

61% 

Crop  Sales  ($000) 

$130,681 

$91,581 

-30% 

26% 

26% 

Percent  of  Total 

43% 

39% 

Tax  Data: 

1999 

19?? 

Subbasin  Taxable  Valuation  ($000) 

$157,349 

24% 

Ag  Taxable  Valuation  ($000) 

$50,603 

33% 

Percent  of  Totail 

32% 

Mill  Levy 

208.88 

*  1 977  dollars  are  adjusted  to  1 987  dolleir  equivalents. 
Sources: 

U.S.  Bureau  of  Economic  Analysis,  Regional  Economic  Information  System,  Unpublished  computerized  data,  Washington,  D.C.,  1989 

Montana  Department  of  Revenue,  Unpublished  Computerized  Data,  January  1989 

Montana  Department  of  Commerce,  Unpublished  Data,  April  1990 
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CHAPTER  FIVE 


ALTERNATIVES 
CONSIDERED  IN  THIS 


INTRODUCTION 

DNRC  developed  four  hypothetical  alternatives 
to  help  assess  the  environmental  effects  from  grant- 
ing or  denying  the  proposed  reservations.  DNRC's 
Intent  in  developing  these  alternatives  was  to  illus- 
trate the  effects  of  the  different  water  use  emphases, 
encompassing  a  reasonable  range  of  actions  that 
could  be  taken  by  the  Board.  These  alternatives  do 
not  limit  the  Board's  discretion  in  approving,  modify- 
ing, deitylng,  or  prioritizing  the  requests  for  reserva- 
tions. The  alternatives  are  intended  only  to  Illustrate 
the  range  of  environmental  effects  and  tradeoffs  as- 
sociated with  reservations  for  irrigation,  municipal 
and  instream  purposes,  and  the  effect  of  the  No  Ac- 
tion Alternative  (denial  of  all  applications). 

E^ach  reservation  application  will  require  action 
on  the  part  of  the  Board.  The  decisions  by  the  Board 
will  be  based  on  the  record  developed  through  the 
hearings  process.  The  EIS  is  expected  to  be  a  part  of 
that  record. 

In  developing  the  alternatives,  DNRC  took  into 
account  that  the  Board  is  required  to  establish  priori- 
ties among  the  intended  water  uses.  DNRC  gave 
municipal  reservations  the  highest  priority  under 
each  alternative  because  of  the  Importance  of  suffi- 
cient water  supplies  for  communities  and  the  rela- 
tively small  amount  of  water  needed.  The  priority  of 
other  uses  was  emphasized  differently  among  alter- 
natives. The  alternatives  developed  by  DNRC  are 
described  below  and  analyzed  in  Chapter  Six. 

CONSUMPTIVE  USE 
ALTERNATIVE 

This  alternative  emphasizes  reservations  for 
future  irrigation  and  municipal  use.  The  Consump- 
tive Use  Alternative  is  intended  to  reflect  what  would 
happen  If  the  Board  were  to  grant  reservations 


primarily  for  irrigation  and  municipal  use.  All  con- 
sumptive use  reservations  applied  for  would  be 
granted  under  this  alternative,  including  water  for 
212,209  acres  of  new  irrigation.  In  cases  where  water 
is  not  always  available  for  all  requested  reservations, 
municipalities  would  receive  first  preference,  followed 
by  Irrigation  projects.  Any  water  remaining  after  sat- 
isfaction of  municipal  and  irrigation  reservations 
would  be  reserved  for  Instream  use.  Table  5- 1  iden- 
tifies the  reservations  Included  In  this  alternative 
and  their  relative  priority. 

INSTREAM  EMPHASIS 
ALTERNATIVE 

This  alternative  emphasizes  instream  reserva- 
tions for  the  protection  of  fish,  wildlife,  recreation, 
and  water  quality.  As  in  all  other  alternatives, 
municipalities  would  be  given  first  priority.  In- 
stream requests  for  fish,  wildlife,  recreation,  and 
water  quality  protection  would  receive  first  priority 
where  there  is  no  municipal  request  and  second 
priority  where  there  is.  Third  priority  would  be  given 
to  reservations  for  Irrigation  projects  that  DNRC  con- 
siders at  least  maiglnally  feasible  on  an  economic 
and  financial  basis  with  the  remaining  amount  of 
water.  The  Irrigation  projects  In  this  alternative  would 
encompass  46,950  acres.  Table  5-1  identifies  the 
reservations  Included  In  this  alternative  and  their 
relative  priority. 

COMBINATION  ALTERNATIVE 

The  Combination  Alternative  places  highest  pri- 
ority on  municipal  requests  and  second  priority  to 
irrigation  projects  that  are  at  least  maiginally  fea- 
sible. Instream  requests  would  be  given  third  prior- 
ity except  on  those  streams  where  there  are  no  com- 
peting consumptive  use  applications,  in  which  case 
instream  requests  would  receive  first  priority.  Table 
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5-1  lists  projects  Included  In  this  altemattve  and 
their  relative  priority.  The  Combination  Alternative 
differs  from  the  Consumptive  Use  Alternative  in  two 
ways.  First,  where  DNRC  determined  that  municipal 
requests  would  reserve  more  water  than  needed  to 
serve  futiore  populations,  the  reservation  was  limited 
to  the  amount  needed.  Second,  irrigation  projects 
would  have  second  priority  where  the  following 
criteria  could  be  met:  (1)  enough  water  is  available; 
(2)  soils  are  Irrigable;  (3)  the  projects  have  at  least  a 
50  percent  chance  of  being  economically  feasible, 
according  to  DNRC  analysis;  and  (4)  there  would  be 
no  insurmountable  conflicts  with  land  uses  such 
as  residences,  roads,  or  railroads.  Under  this  alter- 
native, water  would  be  reserved  to  irrigate  133,294 
acres. 

NO  ACTION/DENY 
ALTERNATIVE 

The  Board  could  deny  all  requested  reservations. 
In  Chapter  Six,  DNRC  describes  those  trends  that 
might  occur  through  the  year  2025  if  no  water  is 
reserved  for  any  purpose. 

CONSIDERATIONS  COMMON 

TO  INSTREAM,  CONSUMPTIVE 

USE,  AND  COMBINATION 

ALTERNATIVES 

DNRC  defined  certain  factors  that  would  apply 
to  all  the  alternatives. 


1 .  Reservations  must  adhere  to  the  statute  requiring 
that  instream  reservations  not  exceed  one-half 
the  average  recorded  annual  flow  on  gauged 
streams.  Reservation  requests  in  excess  of  this 
statutory  Umit  were  reduced  to  legal  levels. 

2.  The  concentration  of  arsenic  in  the  Madison  and 
Missouri  rivers  far  exceeds  the  state  instream 
water  quality  standard  (discussed  in  Chapter 
Four).  Few  of  the  proposed  consiomptive  use 
projects  could  be  operated  without  violating  this 
standard.  However,  DNRC  did  not  exclude  any 
projects  from  discussion  on  the  basis  of  arsenic 
problems.  If  the  Board  grants  consumptive  use 
reservations  that  could  cause  violation  of  the  In- 
stream arsenic  standard,  it  could  require  that  the 
projects  Involved  be  subject  to  compliance  with 
certain  conditions  such  as: 

a.  In  approving  reservations  for  consumptive  use, 
either  the  Board  of  Natural  Resources  and  Con- 
servation or  the  Board  of  Health  and  Environ- 
mental Sciences  could  require  reservants  to 
demonstrate  that  their  projects  would  not  vio- 
late water  quality  standards.  This  finding  could 
be  required  for  each  project  before  it  could  be 
developed. 

b.  Construction  of  water  treatment  facilities  or 
other  actions  could  be  required  to  reduce  ar- 
senic contamination  to  compensate  for  any 
Increased  arsenic  concentrations  paused  by  the 
new  consumptive  uses. 

3.  Each  reservant  could  be  required  to  install  a  water 
measuring  device.  This  could  assist  in  managing 
water  allocated  for  reservations. 
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CHAPTER  SIX 

IMPACTS 


INTRODUCTION 

In  this  chapter,  the  environmental  effects  that 
would  result  from  each  alternative  presented  In 
Chapter  Five  are  analyzed.  In  developing  this  chap- 
ter. DNRC  used  environmental  assessments  of  each 
reservation  application,  results  from  the  Missouri 
River  Water  Availability  Model,  and  other  sources  of 
information  as  cited  in  the  text.  The  Individual  envi- 
ronmental assessments  are  available  on  request  from 
DNRC  by  calling  (406)  444-6812.  or  by  writing: 
Ej\s.  Montana  Department  of  Natural  Resources  and 
Conservation,  1520  East  6th  Avenue.  Helena.  MT 
59620-2301. 


The  reservation  process  requires  the  applicants 
to  submit  only  reconnaissance  level  project  designs 
and  development  schediales.  so  specific  details  nec- 
essary to  analyze  environmental  effects  thoroughly 
were  unavailable  for  some  projects.  This  is  especially 
true  for  the  14  irrigation  projects  fTable  6-1)  larger 
than  2,500  acres  where  design  details  such  as  elec- 
tric line  locations,  diversion  structures,  and  pipe- 
lines are  not  given.  Also,  Bozeman*s  application  to 
reserve  water  for  a  reservoir  does  not  contain  many 
specifics,  especially  in  regard  to  reservoir  operations. 
To  comply  with  MEPA  additional  environmental  re- 
view may  be  required  before  large  projects  can  be 


Table  6-1 .  Irrigation  projects  greater  than  2,500  acres 


Alternative  

Consumptive  Use 

Instream 

Combination 

Subbasin 

Drainage 

Project 

Acreage 

Project 

Acreage 

Project 

Acreage 

Headwaters 

Madison  River 

GA-201 

7,890 

a 

0 

GA-201 

7.890 

Jefferson  River 

JV-201 

4,175 



0 



0 

JV-202 

4,950 

— 

0 

— 

0 

BR-101 

3,290 

— 

^ 

BR-101 

3,290 

SUBBASIN  TOTAL 

20,305 

0 

11,180 

Upper  Missouri 

Missouri  River  -  Tfiree  Forks 

to  Hotter  Dam 

BR-104 

6,095 



0 



0 

Sun  River 

CSS-200 

5,053 



fl 



a 

SUBBASIN  TOTAL 

11,148 

0 

0 

Marias/Teton 

Marias  River 

BSS-2 

19.230 

^^^ 

a 

_ 

a 

SUBBASIN  TOTAL    . 

19,230 

0 

0 

Middle  Missouri 

Missouri  River  -  Belt  Creek 

to  Fort  Peck  Reservoir 

CHS-6 

15,382 

— 

0 



0 

CHS-5 

3,905 

— 

0 

CHS-5 

3,905 

CHS-3 

8,475 

— 

0 

CHS-3 

8,475 

BUREC 

53,600 

— 

0 

BUREC 

53,600 

Judith  River 

FEI-50 

4,218 



0 



0 

Musselsliell  River 

LM-20 

3,119 



0 



0 

Fort  Peck  Reservoir 

VAS-1 

25,020 

VAS-1 

25J22Q 

VAS-1 

25.020 

SUBBASIN  TOTAL 

113,719 

25,020 

91,000 

TOTAL  ALL  SUBBASINS 


164,402 


25,020 


102,180 


blank  space  indicates  a  project  is  not  included  in  that  alternative 
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developed  and.  In  some  cases,  this  may  involve  the 
preparation  of  a  project-specific  EIS.  The  Board  may 
require  DNRC  to  conduct  a  separate  environmental 
review  or  may  choose  to  conduct  ajoint  environmen- 
tal review  with  other  state  or  federal  agencies  having 
Jurisdiction  over  project  development  (ARM 
36.2.522).  BUREC  intends  to  write  a  separate  fed- 
eral EIS  before  constructing  the  Vlrgelle  diversion 
project. 

WATER  QUANTITY  AND 
DISTRIBUTION 

General  Impacts  and  Considerations 

The  use  of  additional  water  for  irrigation  and 
municipal  needs  would  alter  streamflows  and 
groundwater  levels.  Instream  flow  reservations 
would  not  directly  affect  the  existing  water  quantity 
or  distribution,  but  could  have  indirect  effects.  The 
following  paragraphs  identify  general  ways  in  which 
the  quantity  and  distribution  of  water  in  streams 
and  reservoirs  would  be  affected  by  the  proposed 
reservations  under  the  three  alternatives. 

Much  of  the  water  diverted  for  irrigation  evapo- 
rates or  is  consumed  by  plants.  Excess  water  ap- 
plied to  crops  returns  to  a  stream  as  surface  runoff 
or  seeps  into  the  ground  and  moves  downward  to  the 
water  table.  In  instances  where  a  stream  and  water 
table  are  connected,  this  water  may,  over  time, 
return  to  the  stream.  Water  that  leaks  from  canals 
also  may  return  to  a  stream.  Excess  water  that  dis- 
charges to  a  stream  is  referred  to  as  Irrigation  return 
flow.  Return  flows  typically  are  greatest  from  flood 
irrigation  systems.  Most  of  the  new  Irrigation  projects 
proposed  by  the  reservants  would  use  more  efficient 
sprinkler  systems  and  return  flows  would  be  less. 
Model  results  show  that  In  some  cases  irrigation 
return  flows  lessen  impacts  of  irrigation  withdraw- 
als during  the  summer  and  early  fall  and  increase 
streamflows  slightly  in  the  late  fall,  winter,  and  early 
spring. 

Some  of  the  water  diverted  for  municipal  use  will 
be  lost  to  evaporation  or  consiomed,  primarily  by 
lawns  and  gardens.  Most  water  used  for  household 
purposes  will  pass  through  wastewater  treatment 
facilities  and  then  return  to  the  stream  or  aquifer. 
Water  also  can  leak  into  the  ground  from  inefficient 
city  distribution  systems  and  eventually  return  to  a 
stream  or  aquifer. 


Any  reservations  granted  by  the  Board  would  be 
senior  to  water  use  permits  with  priority  dates  after 
July  1,  1985  (unless  the  Board  chooses  to  subordi- 
nate the  reservations  to  these  permits).  Because  of 
this,  reservations  could  preclude  existing  water 
users  with  priority  dates  later  than  July  1, 1985,  from 
diverting  water  during  times  of  low  flow.  In  the  case 
of  Instream  reservations,  this  might  increase 
streamflows  slightly,  i^pendlx  A  lists  post  July  1, 
1985,  permits  and  permit  applications.  The  flow  rates 
listed  for  the  post  July  1 , 1 985  permits  for  uses  such 
as  Irrigation  that  divert  water  during  the  summer 
months,  provide  cm  indication  of  maximum  increases 
In  flows  that  could  occur  in  a  particular  drainage  as 
a  result  of  instream  reservations. 

Terminology  and  Concepts 

Throughout  this  chapter,  references  are  made  to 
"wet,"  "average,"  and  "dry"  years.  Wet  years  are  years 
in  which  average  monthly  flows  at  a  given  point  are 
exceeded  in  only  2  out  of  10  years  over  a  long-term 
average.  These  wet  year  flows  also  are  referred  to  as 
20th  percentile  exceedance  flows.  Dry  years  are  years 
In  which  average  monthly  flows  at  a  given  point  are 
exceeded  in  8  out  of  1 0  years  on  the  average.  Dry  year 
flows  are  referred  to  as  80th  percentile  exceedance 
flows.  Figure  6- 1  illustrates  streamflows  by  compar- 
ing 20th  and  80th  percentile  exceedance  flows  to 
actual  flows  for  wet  and  dry  years  using  the  Missouri 
River  at  Vlrgelle. 

Average  years  also  are  discussed  in  this  chapter 
and  refer  to  years  in  which  average  monthly  flows  at 
a  given  point  are  exceeded  In  5  out  of  10  (50th  percen- 
tile exceedance)  years.  These  "average  year"  flows  are 
also  referred  to  as  median  flows. 

Irrigation  projects  are  not  included  under  the 
Instream  Alternative  unless  water  Is  still  available 
after  the  Instream  requests  are  satisfied  In,  at  least, 
the  wettest  6  years  In  10. 

Appendix  C  contains  a  listing  of  predicted 
monthly  streamflows  for  all  points  analyzed  In  the 
computer  model  under  existing  conditions  and  for 
the  three  alternatives  discussed  here.  Appendix  C 
also  contains  a  corresponding  list  of  monthly  stream- 
flow  reductions  that  would  occur  under  the  three 
alternatives. 

It  should  be  noted  that  changes  In  streamflow 
patterns  from  the  consumptive  use  reservations 
would  reach  the  magnitudes  discussed  below  only 
after  proposed  projects  are  fully  developed. 


Figure  6-1.  Typical  hydrographs  fdr  wet  and  dry  years 
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MISSOURI  RIVER  AT  VIRGELLE 
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°~  20th  percentile  exceedance  flows 
calculated  using  DNRC's  model 

— °~   80th  percentile  exceedance  flows 
calculated  using  DNRC's  model 


"•"  "  Actual  flows  in 
Water  Year  1984  3 

«^  -  Actual  flows  in 
Water  Year  1988 


A  "water  year"  begins  on  October  1*"  of  the  preceding  calendar  year  and  ends  on  September  30"". 
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Figure  6-2.  Monthly  flow  reductions  In  the  Gallatin  River  near  Logan 
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'  No  irrigation  projects  are  included  under  the  instream  Alternative  in  this  drainage. 


Impacts  of  the  Consumptive  use, 
Instream,  and  Combination 
Alternatives 

Gall-atin  River  drainage 

All  proposed  Irrigation  projects  in  the  Gallatin 
drainage  and  the  municipal  request  by  Belgrade 
would  use  groundwater.  Pumping  to  supply  water 
for  these  projects  could  lower  groundwater  in  some 
areas.  Declining  groundwater  levels  have  already 
been  noted  in  the  Gallatin  Valley  (Compton  and  Mack 
1989).   Because  surface  water  and  groundwater  in 


the  drainage  are  generally  Interconnected,  ground- 
water pumping  would  eventually  reduce  stream- 
flows. 

Small  streamflow  reductions  would  occur  In  the 
Gallatin  River  during  the  summer  irrigation  months 
under  the  Consumptive  Use  and  Combination  alter- 
natives. These  streamflow  reductions  are  depicted  In 
bar  charts  in  Figure  6-2  for  the  Gallatin  River  near 
Logan.  Flow  reductions  would  average  2 1  cfs  in  July 
and  August,  and  most  would  originate  in  the  East 
Gallatin  drainage  where  the  average  July  and 
August  flows  at  Bozeman  are  only  74  and  49  cfs 
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Figure  6-3.  Monthly  flow  reductions  In  the  Madison  River  near  Three  Forks 
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(Appendix  C).  The  surface  water  Impacts  described 
here  are  based  on  the  assumption  that  when  water  is 
pumped  from  the  proposed  wells,  that  same  amount 
of  water  would  be  removed  from  associated 
streamflows. 

Under  all  three  alternatives,  streamflow  patterns 
In  Sourdough  Creek  would  be  altered  with  the  com- 
pletion of  the  proposed  reservoir  by  the  City  of  Boze- 
man.  The  timing  and  magnitude  of  these  alterations 
are  dlflicult  to  predict,  given  the  lack  of  detail  regard- 
ing reservoir  operations  In  the  city's  application. 


Madison  River  drainage 

Under  the  Consumptive  Use  and  Combination 
alternatives,  streamflows  would  be  reduced  in  the 
lower  Madison  River  during  the  summer  of  wet,  dry, 
and  average  years  as  shown  In  Figure  6-3.  Under  all 
three  alternatives,  flows  would  be  reduced  in  the 
creek  fed  by  Whiskey  Springs  when  West  Yellow- 
stone increases  its  municipal  use.  The  average  flow 
of  the  creek  is  approximately  6.7  cfs  (HKM  1987), 
and  the  reservation  request  calls  for  additional  peak 
withdrawal  of  0.8  cfs. 
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Figure  6-4.  Monthly  flow  reductions  In  the  Jefferson  River  near  Three  Forks 
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^  No  irrigation  projects  are  included  under  the  Instream  Alternative  In  this  drainage. 


JEFFERSON  AND  BOULDER  RIVER  DRAINAGES 

Summer  flows  In  the  Jefferson  River  near  Water- 
loo, already  very  low  or  nonexistent  in  some  years, 
would  be  reduced  further.  Average  July  and  August 
flows  near  Three  Forks  would  drop  substantially 
under  the  Consumptive  Use  Alternative  as  shown  in 
Figure  6-4.  The  reductions  would  be  greatest  in  dry 
years  with  significant  impacts  under  the  Consump- 
tive Use  and  Combination  alternatives.  Under  the 
Consumptive  Use  Alternative,  flows  would  cease  near 
Three  Forks  during  the  driest  2  out  of  10  years  in 
August  and  the  driest  1  out  of  10  years  in  July.  E^^en 


in  wet  years,  August  flows  would  decline  18.4  per- 
cent under  the  Consumptive  Use  Alternative. 

Under  the  Consumptive  Use  and  Combination 
alternatives,  five  proposed  irrigation  projects  would 
pump  water  from  aquifers  immediately  adjacent  to 
the  Boulder  River.  Because  of  the  proximity  of  the 
wells  to  the  stream,  flows  in  the  Boulder  River  may 
be  reduced  from  the  August  average  flow  of  31  cfs 
(Appendix  D)  to  27.5  cfs.  Ebdsting  low-flow  prob- 
lems in  the  Boulder  River  would  worsen  during  dry 
years. 
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Figure  6-5.  Monthly  flow  reductions  in  tfie  Missouri  River  at  Toston 
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^    No  reductions  would  occur  under  the  Instream  Alternative  during  dry  years. 


Big  Hole,  Beaverhead,  Ruby  and 
RED  Rock  Drainages 

The  only  new  consumptive  use  proposed  In  these 
drainages  Is  a  well  which  would  reduce  flows  only 
slightly  in  the  Beaverhead  River  under  the  three  al- 
ternatives. 

Missouri  River  Drainage  - 
Three  Forks  to  holter  dam 

Under  the  Consumptive  Use  and  Combination 
alternatives,  summer  flows  would  be  reduced  In 
the  Missouri  River  above  Canyon  Ferry  Reservoir. 
At  Toston,  average  July  and  August  flows  would  de- 
crease peirtlcularly  during  dry  years  (see  Figure  6-5). 


Under  the  Consumptive  Use  Alternative,  the 
water  elevation  in  Canyon  Ferry  Reservoir  In  any 
month  would  be  reduced  2  feet  or  less  In  average 
years  and  wet  years,  and  as  much  as  4  feet  during 
September  and  October  in  dry  years.  The  long-term 
average  reduction  In  reservoir  elevation  would  be 
approximately  1  foot,  while  total  water  that  spills 
over  the  dam  without  producing  power  would  de- 
crease approximately  5  percent.  Total  annual  out- 
flows from  Canyon  Ferty  Reservoir  would  decrease 
2.3  percent  and  monthly  outflows  from  Canyon  Ferry 
would  decrease  as  shown  In  Figure  6-6. 
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Figure  6-6.  Monthly  reductions  In  outflows  from  Canyon  Ferry  Reservoir 
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^    No  reductions  would  occur  under  the  Instream  Alternative  during  dry  years. 


Under  the  Combination  Altematlve,  the  average 
water  elevation  In  Canyon  Ferry  Reservoir  In  any 
month  would  be  reduced  less  than  2  feet  during  wet. 
average,  and  dry  years.  The  long-term  average  re- 
duction in  reservoir  elevation  would  be  approximately 
1  foot.  Total  water  spilling  over  the  dam  and  not 
generating  electricity  wovild  not  change  substan- 
tially. Monthly  reductions  In  outflows  from  Canyon 
Ferry  Reservoir  under  the  Combination  Altematlve 
are  shown  In  Figure  6-6. 

Under  the  Instream  Altematlve,  reductions  in 
streamflows  above  Canyon  Ferry  Reservoir  would  be 
relatively  small.    Water  storage  in  Canyon  Ferry 


would  be  only  slightly  affected.  The  long-term  aver- 
age reduction  in  reservoir  elevation  would  be  less 
than  1  foot.  The  amount  of  water  spilling  over  the 
dam  without  generating  electricity  would  be  reduced 
slightly.  For  all  practical  purpose?,  the  timing  and 
volume  of  outflows  from  Canyon  Ferry  would  not  be 
affected.  All  the  impacts  outlined  above  assume  that 
Canyon  Ferry's  operating  regime  will  not  change  in 
the  future. 

Under  all  alternatives,  streamflows  would  de- 
cline in  Deep  Creek,  Crow  Creek,  and  Warm  Springs 
Creek,  all  tributaries  to  the  Missouri  River.  During 
dry  years  and  under  the  Consumptive  Use  Altema- 
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Figure  6-7.  Monthly  flow  reductions  In  the  Missouri  River  below  Hauser  Reservoir 
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"   Reductions  during  dry  years  under  the  Instream  Alternative  would  be  small. 


tlve.  Deep  Creek's  average  July  and  August  flows  of 
18  and  10  cfs  would  be  reduced  by  1.5  and  2.0  cfs. 
Much  of  the  flow  of  Deep  Creek  Is  diverted  by  an 
irrigation  canal  below  the  proposed  projects,  causing 
the  streams  to  go  dry  below  this  point.  For  both  the 
Consumptive  Use  and  Combination  alternatives,  flow 
reductions  in  Crow  Creek  would  be  greatest  during 
August  in  dry  years,  with  average  flows  of  15  cfs 
declining  as  much  as  2.2  cfs.  Warm  Springs  Creek 
flows  would  decline  approximately  12  cfs  from 
DNRC's  estimated  July  and  August  flows  of  40  and 
15  cfs  under  the  Consumptive  Use  and  Combination 
alternatives.  Irrigation  projects  that  would  pump 


groundwater  would  lower  water  levels  in  aquifers 
adjacent  to  these  streams. 

Flows  would  decline  in  Prickly  Pear  Creek  and  its 
tributaries  under  all  alternatives.  Reductions  would 
be  greatest  during  August  In  dry  years,  with  average 
flows  near  East  Helena  declining  approximately  9 
percent.  Dewatering  of  the  stream  below  East  Helena 
would  increase. 

Under  the  Consumptive  Use  Alternative,  monthly 
flows  would  be  reduced  for  both  average  and  diy 
years  downstream  from  Hauser  and  Holter  reservoirs. 
These  reductions  are  shown  in  Figures  6-7  and  6-8. 
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Figure  6-8.  Monthly  flow  reductions  In  the  Missouri  River  tielow  Holter  Reservoir 
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^    No  reductions  would  occur  under  the  Instream  Alternative  during  dry  years. 


MISSOURI  RIVER  DRAINAGE  - 

HOLTER  Dam  to  Belt  Creek 

The  three  alternatives  would  cause  some  sum- 
mer flow  reductions  tn  this  reach  of  the  Missouri 
River.  Flow  would  be  reduced  most  at  Black  Elagle 
under  the  Consumptive  Use  Alternative  as  shown  In 
Figure  6-9. 

Under  the  Instream  Alternative,  flow  reductions 
in  the  Missouri  River  and  its  tributaries  would  be 
small. 


In  the  Dearborn  River,  flow  reductions  would  be 
small  and  would  be  most  pronounced  in  August. 
Average  August  flows  in  the  Dearborn  River  near  the 
mouth  would  decline  2.7  percent  under  the  Con- 
sumptive Use  and  Combination  alternatives. 

In  the  Smith  River  above  Hound  Creek,  July, 
August,  and  September  flows  would  decline  4.0, 8.0, 
and  4.5  percent  during  average  years  and  8.8,  16.3, 
and  7.4  percent  during  dry  years.  In  the  Smith  River 
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Figure  6-9.  Monthly  flow  reductions  in  tiie  Missouri  River  at  Blacic  Eagle 
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No  reductions  would  occur  under  the  Instream  Alternative  during  dry  years. 


near  Eden,  flow  would  be  reduced  substantially 
under  the  Consumptive  Use  and  Combination  alter- 
natives In  July,  August,  and  September  (see  Figure 
6-10).  These  impacts  would  be  particularly  severe 
under  the  Consumptive  Use  Alternative,  which  would 
reduce  August  flows  92  percent  during  the  driest 
year  in  10.  Near  the  mouth  of  the  Smith  River,  July. 
August,  and  September  flows  would  decline  by  9.5, 
22.8,  Eind  8.4  cfs  under  the  Consumptive  Use  Alter- 
native during  average  years.  Flow  reductions  would 


be  less  under  the  Combination  and  Instream  alter- 
natives. 

In  the  Sun  River,  July  and  August  flows  near 
Vaughn  would  decline  substantially  under  the 
Consvimptive  Use  and  Combination  Alternative  (see 
Figure  6-11).  Impacts  would  be  particularly  great 
under  the  Consumptive  Use  Alternative  and  July 
flows  would  cease  near  Vaughn  during  the  driest 
year  in  10.   On  the  Sun  River  above  its  confluence 
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Figure  6-10.  Monthly  flow  reductions  In  the  Smith  River  above  Hound  Creek 
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'  No  reductions  would  occur  urxter  the  Instream  Alternative  during  dry  years. 


with  Muddy  Creek,  average  July  and  August  flows  at 
Slirans  would  decline  an  estimated  3.5  and  6.8  per- 
cent under  the  Consumptive  Use  Alternative. 

In  the  lower  reaches  of  Belt  Creek,  major  sum- 
mer flow  reductions  would  occur  during  dry  years 
under  the  Consumptive  Use  Alternative.  Average 
July,  August,  and  September  flows  would  decline 
17.1.  22.0,  and  10.5  percent  during  dry  years.  Un- 
der the  Combination  Alternative,  summer  flows  also 


would  be  reduced  in  the  lower  reaches  of  Belt  Creek 
in  July,  August,  and  September  during  dry  years  by 
3.8, 4.7,  and  2. 1  percent.  On  Little  Otter  Creek,  July. 
August,  and  September  flows  would  decline  25.8. 
23.2,  and  10.6  percent  under  the  Consumptive  Use 
and  Combination  alternatives. 

MARIAS  Rive:r  drainage 

August  and  September  flows  In  the  upper  Marias 
River  would  be  reduced  during  dry  years  under  the 
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Figure  6-11.  Monthly  flow  reductions  In  the  Sun  River  near  Vaughn 
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No  reductions  would  occur  under  the  Instream  Alternative  during  dry  years. 


Consumptive  Use  and  Combination  alternatives. 
These  Impacts  are  shown  for  Inflows  to  Tiber  Reser- 
voir in  Figure  6-12.  Inflows  and  storage  at  Tiber 
Reservoir  would  not  be  affected  to  a  major  degree 
under  the  Instream  Alternative.  Outflows  and  stor- 
age at  Tiber  Reservoir  would  not  be  altered  substan- 
tially under  any  of  the  alternatives. 

The  Consumptive  Use  Alternative  would  cause 
major  reductions  in  lower  Marias  River  flows  during 


summer  months  of  average  and  dry  years  (see  Figure 
6- 13).  Flows  near  Loma  would  cease  altogether  dur- 
ing July  in  the  driest  year  out  of  10.  Under  the 
Combination  Alternative,  summer  flows  in  the  lower 
Marias  River  would  be  reduced  substantially  during 
dry  years.  Under  the  Instream  Alternative,  average 
monthly  flow  reductions  in  the  lower  Marias  River 
would  be  1  percent  or  less.  ^. 
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Figure  6-12.  Monthly  flow  reductions  In  the  Marias  River  above  Tiber  Reservoir 
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No  reductions  would  occur  under  the  Instream  Alternative  during  dry  years. 


Summer  streamflows  In  Marias  River  tributaries 
would  be  altered  by  proposed  projects  under  the 
Consumptive  Use  and  Combination  alternatives.  In 
particular,  estimated  average  June.  July,  and 
August  flows  would  decline  substantially  in  at  least 
three  watercourses  under  the  Consumptive  Use  Al- 
ternative and  two  streams  under  the  Combination 
Alterative  as  shown  in  Table  6-2.  In  some  cases 
proposed  reservations  are  equal  to  or  greater  than 


estimated  average  monthfy  flows  in  the  Marias  River 
tributaries. 

Teton  river  drainage 

Ebdsting  flows  in  the  Teton  River  are  insufficient 
to  support  all  water  uses  Included  in  any  of  the  three 
alternatives.  July  flows  at  the  mouth  of  the  Teton 
River  near  Loma  already  cease  during  the  driest  2 
years  in  10.  Flows  cease  In  August  and  September  of 
average  years. 
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Table  6-2.  Streamflow  reductions  in  Marias  River  tributaries  under  Consumptive  Use,  instream,  and 
Combination  aiternatives     <> 

Percent  Reductions  in  Estimated 


Watercourse 

Alternative 

AV( 

June 

arage  Monthly  F 
July 

lows 

August 

Cut  Bank  Creek 

Consumptive  Use 

0.5 

2.4 

35 

Instream 

0.5 

2.4 

35 

Combination 

0.5 

2.4 

35 

Birch  Creek 

Consumptive  Use 

02 

as 

0.4 

Instream 

0 

0 

0 

Combination 

0.2 

05 

0.4 

Two  Medicine  River 

Consumptive  Use 

0.2 

1.5 

35 

Instream 

0 

0 

0 

Combination 

0.2 

15 

35 

Unnamed  Tributary  of  Bullhead  Creek" 

Consumptive  Use 

12 

24 

13 

Instream 

0 

0 

0 

Combination 

12 

24 

13 

Whitetail  Creek 

:  Consumptive  Use 

0.1 

05 

05 

Instream 

0 

0 

0 

Combination 

0.1 

05 

05 

Dry  Fork  Marias  River* 

Consumptive  Use 

0.1 

05 

0.4 

- 

Instream 

0 

0 

0 

Combination 

0.1 

05 

0.4 

Timber  Coulee     ,    .  .^/    - 

Consumptive  Use 

13 

80 

100 

Instream 

0 

0 

0 

Combination 

13 

00 

100 

Laughlin  Coulee" 

Consumptive  Use 

10 

58 

50 

Instream 

0 

0 

0 

Combination 

0 

0 

0 

a  Flows  in  these  streams  are  predicted  with  computer  simulation  techniques. 


168 


Figure  6-13.  Monthly  flow  reductions  In  the  Marias  River  near  Loma 
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^    Reductions  under  the  Instreanfi  Alternative  during  dry  years  would  be  small. 


Under  the  Consumptive  Use  Alternative,  June 
flows  would  cease  during  dry  years,  July  flows  would 
cease  In  average  years,  and  August  flows  would  drop 
to  3  cfs  during  wet  years.  In  wet  years,  July,  August, 
and  September  flows  would  decrease  14.4, 92.7  and 
30.5  percent.  Under  the  Combination  Alternative, 
August  and  September  flows  during  wet  years  would 
decline  63.4  and  10.5  percent  near  Lama.  E^ren 
under  the  Instream  Alternative ,  summer  flows  in  the 
Teton  River  woiold  decline.  Average  July  flows  near 


Loma  would  decline  substantially  as  shown  in  Fig- 
ure 6- 14.  During  wet  years,  August  and  Septembei 
flows  near  Loma  would  decline  63.4  and  10.5  per- 
cent under  the  Instream  Alternative. 

Percentage  flow  reductions  for  the  Teton  Rlvei 
near  Loma  are  depicted  for  all  three  alternatives  in 
Figure  6-14.  These  graphs  show  that  in  dry  years, 
only  June  flows  are  affected.  DNRC's  computer 
model  indicates  that  this  occurs  because  in  the 
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Figure  6-14.  Monthly  flow  reductions  in  the  Teton  River  near  Loma 
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*  No  reductions  would  occur  under  the  Instream  Alternative  during  dry  years. 
^     Flows  in  the  lower  Teton  River  now  drop  to  zero  during  these  months. 


driest  2  years  in  10,  flows  are  zero  at  this  location 
during  all  months  except  March  and  June.  There- 
fore, under  baseline  conditions,  flows  simply  are  not 
available  during  most  months  in  a  dry  year. 

Tributaries  of  the  Teton  River  also  would  be  af- 
fected by  proposed  irrigation  projects.  Under  the 
Consumptive  Use  Alternative,  four  such  projects 
would  require  water  storage  facilities:  TE-361.  TE- 
401,  TE-581,  andTE-591.  These  storage  reservoirs 


would  be  located  on  Spring  Coulee,  Gamble  Coulee, 
and  on  an  unnamed  tributary  of  the  Teton  River. 
Project  TE-591,  on  Gamble  Coulee,  also  is  included 
in  the  Instream  and  Combination  alternatives.  Each 
of  the  storage  projects  would  store  water  in  the  spring 
during  periods  of  high  runofl"  and  release  water  in  the 
late  summer.  The  projects  on  Gamble  Coulee  and 
the  unnamed  Teton  tributary  would  substantially 
alter  flows  in  these  streams. 
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Figure  6-15.  Monthly  flow  reductions  In  the  Missouri  River  at  Fort  Benton 
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^  Reductions  under  the  Instream  Alternative  during  dry  years  would  be  small. 


MISSOURI  Rive:r  Drainage  - 
Belt  creek  to  fort  peck  reservoir 

Under  the  Consimiptlve  Use  and  Combination 
alternatives,  summer  flows  in  the  Missouri  River 
would  be  reduced  substantially.  At  Fort  Benton, 
July  and  August  flows  would  decline  as  shown  in 
Figure  6-15.  Farther  downstream  at  Virgelle,  flows 
would  decrease  as  shown  in  Figure  6-16.  Flow 
reductions  similar  to  those  predicted  at  Virgelle 
would  occur  farther  downstream  near  Landusky 


(see  Figure  6-17).  Flows  in  the  Missouri  River  would 
be  reduced  slightly  imder  the  Instream  Alternative  at 
Fort  Benton,  Viigelle,  and  near  Landusky. 

Reductions  in  summer  inflows  to  Fort  Peck 
Reservoir  would  be  greatest  under  the  Consumptive 
Use  Alternative.  Long-term  outflows  from  Fort  Peck 
would  decline  only  3.3  percent  under  the  Con- 
sumptive Use  Alternative  and  1.4  percent  under  the 
Combination  Alternative.    Monthly  reductions  in 
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Figure  6-16.  Monthly  flow  reductions  In  the  Missouri  River  at  VIrgelle 
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*  Reductions  under  the  Instream  Alternative  during  dry  years  would  be  small. 


outflow  from  Fort  Peck  under  the  Consumptive 
Use  and  Combination  alternatives  would  be  as  high 
as  11.8  and  6.6  percent  during  January  of  dry 
years. 

Inflows  and  outflows  from  Fort  Peck  Reservoir 
would  not  decline  substantially  under  the  Instream 
Alternative.  The  long-term  reduction  In  outflows 
from  Fort  Peck  would  be  only  0.7  percent. 


The  long-term  reductions  In  Fort  Peck  Reservoir 
volume  would  be  0.3  percent  under  the  Consump- 
tive Use  Alternative,  less  than  0.2  percent  under  the 
Combination  Alternative,  and  less  than  0. 1  percent 
under  the  Instream  Alternative.  Monthly  reductions 
In  reservoir  contents  for  the  three  alternatives  would 
be  less  than  0.7  percent,  less  than  0.3  percent,  and 
below  0. 1  percent  during  both  average  and  dry  years. 
These  reductions  would  drop  reservoir  levels  no  more 
than  1  foot. 
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Figure  6-17.  Monthly  flow  reductions  In  the  Missouri  River  near  Landusky 
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"  Reductions  under  the  Instream  Alternative  during  dry  years  would  be  small. 


Tributaries  of  the  Missouri  River  between  Belt 
Creek  and  Fort  Peck  Reservoir  would  be  affected 
under  the  Consumptive  Use  and  Combination  alter- 
natives. Summer  flows  would  be  severely  reduced  in 
an  urmamed  spring  feeding  Big  Sag  Creek,  and 
Shonkin  Creek.  The  estimated  average  July  and 
August  flows  on  Shonkin  Creek  would  decline  78 
and  62  percent.  On  the  unnamed  tributary  to  Big 
Sag  Creek,  estimated  average  June,  July,  and  Au- 
gust flows  would  decrease  50,  74,  and  54  percent 
under  the  two  alternatives. 


Judith  river  drainage 

Flows  would  decline  substantially  in  the  Judith 
River  during  summer  months  under  the  Consump- 
tive Use  and  Combination  alternatives.  Figure  6-18 
shows  these  flow  reductions  for  ithe  mouth  of  the 
Judith  River. 

Summer  streamflows  In  Judith  River  tributaries 
could  be  severefy  altered  by  irrigation  projects  under 
all  three  alternatives.  In  particular,  estimated  average 
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Figure  6-18.  Monthly  flow  reductions  In  the  Judith  River  near  Its  mouth 
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No  reductions  would  occur  under  the  Instream  Alternative  during  dry  years. 


June.  July,  and  August  flows  would  decline  in  at 
least  1 1  streams  under  the  Consumpttve  Use  Alter- 
native and  8  under  the  Combination  Alternative  as 
shown  in  Table  6-3.  Summer  streamflows  in  Judith 
River  tributaries  also  could  be  reduced  under  the 
Instream  Alternative  as  shown  in  Table  6-3. 

The  impacts  to  Judith  River  tributaries  would  be 
caused  by  irrigation  projects  proposed  by  the  Fergus 


County  and  Judith  Basin  conservation  districts.  In 
some  cases,  the  proposed  reservations  are  greater 
than  estimated  average  monthly  flows.  For  example, 
irrigation  projects  FE-42  and  FE-141  would  cause 
flows  to  cease  during  July  and  August  on  an  un- 
named tributary  of  Campbell  Coulee  and  on  Wolver- 
ine Creek.  Similarly,  Irrigation  projects  JB-21,  JB- 
231,  and  JB-232  would  cause  flows  to  cease  on 
Louse  CreekduringJiily  and  August  of  average  years. 
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Table  6-3.  Streamflow  reductions  In  Judith  River  tributaries  under  Consumptive  Use,  Instream,  and  Combination 
aKernatives 

Percent  Reductions  In  Estimated 
Average  Monthly  Rows 
Watercourse  Alternative  June  July  August 


Unnamed  tributary  of  Campbell  Coulee 


Wolf  Creek 


Running  Wolf  Creek  (spring  fed) 


Wolverine  Creek' 


Warm  Springs  Creek 


Little  Casino  Creek 


Olsen  Creek  (spring  fed) 


Unnamed  tributary  of  Olsen  Creek  (spring  fed) 


Unnamed  tributary  of  Ross  Fork  Creek  (spring  fed)' 


Louse  Creek 


McCarthy  Creek  (spring  fed) 


Little  Trout  Creek 


Consumptive  Use 

5 

100 

90 

Instream 

0 

0 

0 

Combination 

0 

0 

0 

Consumptive  Use 

2 

19 

25 

Instream 

0 

0 

0 

Combination 

0 

0 

0 

Consumptive  Use 

21 

72 

60 

Instream 

19 

66 

55 

Combination 

21 

72 

60 

Consumptive  Use 

39 

100 

100 

Instream 

39 

100 

100 

Combination 

39 

100 

100 

Consumptive  Use 

4 

13 

11 

Instream 

0 

0 

0 

Combination 

3 

11 

9 

Consumptive  Use 

8 

28 

24 

Instream 

8 

28 

24 

Combination 

8 

28 

24 

Consumptive  Use 

12 

41 

34 

Instream 

12 

41 

34 

Combination 

12 

41 

34 

Consumptive  Use 

25 

85 

71 

Instream 

25 

85 

71 

Combination 

25 

8S 

71 

Consumptive  Use 

unknown 

unknown 

unknown 

Instream 

unknown 

unknown 

unknown 

Combination 

unknown 

unknown 

unknown 

Consumptive  Use 

8 

100 

100 

Instream 

8 

100 

100 

Combination 

8 

100 

100 

Consumptive  Use 

15 

49 

41 

Instream 

0 

0 

0 

Combination 

15 

49 

41 

Consumptive  Use 

3 

70 

23 

Instream 

0 

0 

0 

Combination 

0 

0 

0 

a  Flows  in  tfiese  streams  were  predicted  with  computer  simulation  techniques. 
Conversations  with  landowners  indicate  actual  flows  are  sufficient  for  the  proposed  projects. 


175 


Musselshell  River  Drainage 

The  Lower  Musselshell  Conservation  District's 
proposal  to  pump  up  to  8. 1 50  acre-feet  per  year  from 
abandoned  underground  coal  mines  In  the  vicinity  of 
Roundup  Is  Included  In  the  Consumptive  Use  Alter- 
native. In  the  summer,  water  would  be  pumped  from 
the  Jeffrey  Mine  which  Is  at  a  low  elevation  and  close 
to  the  Musselshell  River.  In  the  spring,  water  from 
the  Musselshell  River  would  either  seep  naturalfy  or 
be  pumped  back  Into  the  mine.  At  the  time  the 
application  was  developed.  It  was  thought  that  this 
mine  was  connected  to  larger  mines  to  the  south 
which  have  the  volume  to  store  the  bulk  of  the  water 
requested.  However,  more  recent  data  collected  by 
the  Montana  Bureau  of  Mines  and  Geology  show  that 
the  Jeffrey  Mine  is  not  connected  to  the  other  mines 
(Wheaton  1990).  Thus,  the  project  would  not  be 
feasible  as  proposed. 

A  smaller  volume  of  water  could  be  pumped  from 
the  Jeffrey  Mine  and  possibly  from  the  Republic  #4 
Mine  to  the  east.  Given  groundwater  inflows, 
Wheaton  (1990)  estimates  the  usable  storage  capac- 
ity of  the  Jeffrey  Mine  to  be  about  300  acre-feet.  A 
roughly  similar  amount  of  water  may  be  available 
from  the  nearby  Republic  #4  Mine,  although  no  test- 
ing has  been  done  to  determine  this.  The  Jeffrey 
Mine  is  connected  with  the  Musselshell  River  alluvial 
aquifer.  Pumping  the  mine  could  lower  groundwater 
levels  in  this  aquifer,  thereby  Inducing  inilltratlon  of 
water  from  the  Musselshell  River  in  the  mine.  Thus, 
the  streamflow  augmentation  provided  by  mine 
pumping  during  the  summer  would  be  offset  to  some 
degree  by  streamflow  losses.  Experimental  pumping 
has  shown  that  drawdown  will  occur  in  the  adjacent 
aquifers  when  water  Is  withdrawn  from  the  mine. 

Pumping  a  volume  of  water  comparable  to  that 
requested  in  the  applications  would  only  be  possible 
if  it  were  withdrawn  directly  from  other  larger  mines. 
Withdrawals  of  water  from  these  mines  also  could 
affect  surface-water  flows  and  groundwater  levels, 
but  the  extent  of  such  effects  is  uncertain.  However, 
using  watdf  from  these  mines  would  not  be  as  eco- 
nomical as  pumping  from  the  Jeifrey  Mine,  and  there 
are  concerns  regarding  the  quality  of  the  water  in 
these  mines  (see  Water  Quality  Impacts  section). 

The  reservants  would  pump  or  divert  water  from 
the  Musselshell  River  to  refill  the  mines  in  the  spring. 
Assuming  reservants  could  pump  the  requested 
water,  average  diversions  would  be  1 ,633  acre-feet  in 
March,  2,133  acre-feet  in  April,  and  2,991  acre-feet 
in  May,  decreasing  average  spring  streamflows  in  the 


Musselshell  River  below  the  mine  by  11  percent. 
Pumping  from  the  mine  would  add  an  average  of 
2,697  and  3,887  acre-feet  of  water  to  the  Musselshell 
River  in  July  and  August.  This  would  increase 
streamflows  directly  below  the  mine  by  an  average  of 
21  percent.  However,  irrigators  would  be  able  to 
divert  this  amount  of  water  either  above  or  below  the 
mines,  making  streamflow  increases  or  decreases 
at  any  point  on  the  Musselshell  River  difficult  to 
quantliy. 

Pumping  water  from  the  Jeffrey  Mine  or  other 
nearby  mines  as  proposed  in  Project  LM-20  would 
lower  water  tables  in  adjacent  aquifers  and  make 
several  active  domestic  wells  and  possibly  stock  water 
wells  temporarily  unusable.  The  reservants  may  be 
required  to  replace  these  wells  with  deeper  ones  in 
the  Fort  Union  Formation  to  mitigate  this  impact.  If 
the  water  were  pumped  from  larger  volume  mines, 
similar  Impacts  may  affect  other  water  users.  These 
effects  would  only  occur  under  the  Consumptive  Use 
Alternative. 

LEGAL  WATER  AVAILABILITY 

Impacts  Common  to  the  Consumptive 
Use,  Instream,  and  Combination 
alternatives 

STATE  WATER  RIGHTS  -  CLAIMS  AND  PERMITS 

Reservations  cannot  preclude  senior  water  right 
holders — those  with  a  priority  date  earlier  than  July 
1,  1985 — from  using  water  to  the  extent  of  their 
existing  rights,  ff  senior  water  right  holders  are 
concerned  that  any  reservations(s)  may  affect  their 
existing  rights,  they  can  object  during  the  contested 
case  hearing.  The  Board  will  use  the  findings  of  the 
contested  case  hearing  when  reaching  its  decision  on 
the  reservation  applications  (see  Chapter  1  for  a  dis- 
cussion of  the  contested  case  hearing). 

For  the  purposes  of  this  draft  EIS,  DNRC  Identi- 
fied some  areas  where  there  has  been  conflict  be- 
tween new  approprlators  and  existing  water  right 
holders.  DNRC  searched  the  water  rights  data  base 
to  Identify  streams  where  reservations  are  proposed 
and  where  existing  water  right  holders  filed  objec- 
tions to  applications  for  water  use  permits  between 
July  1,  1983,  and  November  1989.  The  results  of 
this  analysis,  which  also  include  objections  to 
groundwater  wells,  are  summarized  in  Table  6-4. 
DNRC's  staff  at  water  rights  field  offices  in  Bozeman, 
Lewlstown,  Havre,  and  Helena  identified  streams  and 
groundwater  sources  where  there  are  problems  and 
concerns  regarding  water  allocations  (Table  6-5). 
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Table  6-4.  Streams  where  reservations  are  applied  for  and  where  water  right  holders  objected  to  permit 
applications  between  July  1, 1973,  and  November  1989  (Includes  objections  to  wells) 


Subbasin-Dralnage 


Source 


Number  of 
Permit  Applications  Type  of  Reservations  Requested 

Objected  to  Irrigation  Municipal  Instream 


Headwaters 


Gallatin  River 

Bai<er  Creek 

1 

Big  Bear  Creek 

2 

Bridger  Creek 

1 

East  Gallatin  River 

5 

Hell  Roaring  Creek 

1 

Hyalite  Creek 

5 

Reese  Creek 

1 

Rocky  Creek 

1 

Sourdough  Creek 

2 

South  Cottonwood  Creek 

1 

West  Gallatin  River 

11 

Wells 

44 

Madison  River 

Blaine  Spring  Creek 

7 

Cherry  Creek 

2 

Hot  Springs  Creek 

1 

Madison  River 

7 

Moore  Creek 

1 

Jefferson  River 

Boulder  River 

6 

Jefferson  River 

5 

Little  Boulder  River 

1 

North  Willow  Creek 

4 

Willow  Spring  Creek 

1 

Wells 

20 

Big  l-iole  River 

Big  Hole  River 

11 

Pintlar  Creek 

1 

Rock  Creek 

1 

Willow  Creek 

1 

Ruby  River 

Mill  Creek 

1 

Ruby  River 

4 

Wisconsin  Creek 

3 

Beaverhead 

Beaverhead  River 

3 

/Red  Rock  rivers 

Blacktail  Deer  Creek 

1 

Hell  Roaring  Creek 

1 

Hoarse  Prairie  Creek 

8 

Red  Rock  River 

4 

Wells 

25 

Upper  Missouri 

Missouri  River  - 

Confederate  Guk:h 

11 

above  IHolter  Dam 

Crow  Creek 

2 

Deep  Creek 

1 

Missouri  River 

24 

Prickly  Pear  Creek 

9 

Silver  Creek 

3 

Sixteenmile  Creek 

3 

Spokane  Creek 

1 

Trout  Creek 

7 

Wells 

66 

X 
X, 


X 
X 


X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 


X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
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Table  6-4  (continued) 

X 

Number  of 

Permit  Applications 

Type 

of  Reservations  Requested 

Subbasin- Drainage 

Source 

Objected  to 

Irrigation 

Municipal 

Instream 

Missouri  River  - 

Canyon  Creek 

1 

X 

Holier  Dam  to 

Little  Prickly  Pear  Creek 

1 

X 

Belt  Creek 

Missouri  River 

107 

X 

X 

Sheep  Creek 

1 

X 

Wolf  Creek 

9 

X 

Dearborn  River 

Dearborn  River 

5 

X 

X 

Smith  River 

Newlan  Creek 

1 

X 

Smith  River 

12 

}( 

X 

N.  Fork  Smith  River 

9 

X 

Sun  River 

Big  Coulee 

3 

X 

Elk  Creek 

2 

X 

X 

Fork  Creek 

1 

X 

Muddy  Creek 

4 

X 

X 

Sun  River 

49 

X 

X 

X 

Wells 

16 

X 

Belt  Creek 

Belt  Creek 

6 

X 

X 

Marlas/Teton 

Marias  River 

Cut  Bank  Creek 

8 

X 

X 

Badger  Creek 

1 

X 

Birch  Creek 

7 

X 

X 

Dupuyer  Creek 

1 

X 

Laughlin  Coulee 

1 

X 

Two  Medicine  River 

3 

X 

Whitetail  Creek 

1 

X 

Timber  Coulee 

1 

X 

Wells 

1 

X 

Teton  River 

Muddy  Creek 

2 

X 

': 

Spring  Coulee 

7 

X 

Teton  River 

13 

X 

X 

X 

Weils 

20 

X 

X 

Middle  Missouri 

Missouri  River  -  Belt 

Highvi/ood  Creek 

3 

X 

X 

Creek  to  Fort  Peck 

Reseivoir 

Judith  River 

Beaver  Creek 

1 

X 

Big  Spring  Creek 

7 

X 

X 

X 

EF  Big  Spring  Creek 

2 

X 

X 

Louse  Creek 

2 

X 

Ross  Fork  Creek 

7 

X 

Running  Wolf  Creek 

1 

X 

Warm  Spring  Creek 

5 

X 

X 

WoH  Creek 

8 

X 

Wells 

8 

X 

X 

Musselshell  River 

American  Fork  Creek 

3 

X 

Big  Elk  Creek 

1 

X 

Careless  Creek 

2 

X 

Flatwillow  Creek 

7 

X 

Musselshell  River  (Upper) 

12 

X 

X 

Musselshell  River  (Lower) 

10 

X 

Swimming  Woman  Creek 

1 

X 

Fort  Peck  Reservoir 

Big  Dry  Creek 

3 

X 

Little  Dry  Creek 

4 

X 
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Table  6-5.  Water  sources  where  reservations  are  requested  and  where  DNRC  field  office  staff  have  noted  past 
water  allocation  problems  or  concerns 


Dralnage/Subbasin 


Source 


Type  of  Reservations  Requested 
Irrigation  Municipal  Instream 


Headwaters 

Gallatin  River 


Madison  River 


Baker  Creek 

Gallatin  River  (middle  portion) 

Gallatin  Valley  Groundwater 

Blaine  Spring  Creek 
North  Meadow  Creek 


X 
X 


X 
X 


X 
X 


Jefferson  River 


Boulder  River 

Boulder-Valley  Groundwater 
Jefferson  River 
Willow  Creek 
South  Willow  Creek 


X 
X 
X 


X 
X 
X 


Big  Hole  River 


Beaverhead  River 


Upper  Missouri 

Missouri  River  - 
Three  Forks  to  Holter 


Big  Hole  River 
Swamp  Creek 

Beaverhead  River 
Horse  Prairie  Creek 
Trapper  Creek 


Deep  Creek 
Prickly  Pear  Creek 
Silver  Creek 
Trout  Creek 


X 
X 

X 
X 
X 


X 
X 
X 
X 


Smith  River 
Sun  River 


Smith  River 

Elk  Creek 
Sun  River 


X 
X 


X 
X 


Belt  Creek 
Marias/Teton 

Marias  River 


Belt  Creek 


Badger  Creek 
Birch  Creek 
Cut  Bank  Creek 


X 
X 


X 
X 
X 


Teton  River 


Big  Coulee 

Teton 

Spring  Creek 

Teton  Valley  Groundwater 


X 
X 
X 
X 


X 
X 


Middle  Missouri 

Judith  River 


Warm  Springs  Creek 
Wolf  Creek 


X 
X 


Musselshell  River 


Flatwillow  Creek 
Musselshell  River 


X 
X 
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The  Infonnation  above  only  Serves  to  Identify 
some  areas  where  questions  may  arise  regarding 
legal  water  availability  for  reservations.  It  does  not 
mean  that  there  are  no  other  water  sources  where 
concerns  may  arise,  or  that  water  cannot  be  reserved 
from  the  streams  and  aquifers  identified  in  the  tables. 
These  questions  wUl  not  be  answered  until  the  con- 
tested case  hearing  Is  complete. 

Permits  issued  between  Jufy  1,  1985,  and  the 
date  the  Board  reaches  its  decision  would  be  junior 
to  reservations.  However,  the  Board  may  subordi- 
nate the  reservations  to  these  permits  if  It  finds  that 
they  would  not  unreasonably  interfere  with  the  in- 
tent of  the  reservation  (see  Chapter  Two).  Appendix 
A  lists  permits  and  permit  applications  that  have  a 
priority  date  between  July  1. 1985,  and  May  1, 1990, 
when  DNRC  last  analyzed  water  permits  and  appli- 
cations in  the  basin  for  the  purposes  of  this  EIS. 

If  the  Board  grants  reservations,  the  reserved 
water  will  not  be  available  for  new  appropriation 
because  it  wUl  be  committed  either  for  consumptive 
use  (see  Impacts  to  Water  Quantity  and  Distribu- 
tion), or  for  Instream  flow.  However,  DNRC,  with 
approval  of  the  Board,  may  issue  a  temporary  permit 
to  use  water  reserved  for  consumptive  use  until  the 
reservant  needs  the  water.  The  amounts  of  water 
that  would  be  unavailable  for  appropriation  on  the 
average  if  aD  instream  requests  are  granted  are  pre- 
sented in  y^pendlx  I.  Granting  reservations  for  con- 
sumptive use  also  would  reduce  water  available  for 
appropriation  (see  Water  Quantity  and  Distribution 
Section). 

Reservations  would  give  reservants  legal  stand- 
ing to  object  to  changes  in  senior  and  Junior  water 
rights  and  applications  for  new  permits,  and  the 
right  to  participate  in  the  adjudication  process. 

MPC  AND  BUREC  CLAIMS 

BUREC  claims  water  rights  for  a  variety  of  uses 
at  Canyon  Ferry  Reservoir,  and  MPC  claims  rights 
for  storage  and  power  generation  at  Hauser  and 
Holter  dams.  Water  quantities  at  these  facilities  al- 
ready are  ofl;en  below  the  amounts  claimed  and  the 
additional  consumptive  use  development  in  the  three 
alternatives  would  result  in  further  reductions.  MPC 
also  operates  five  hydroelectric  dams  on  the  Missouri 
River  in  the  vicinity  of  Great  Falls.  At  all  of  these 
facilities,  flows  sometimes  drop  below  those  claimed 
by  MPC  for  power  production,  and  the  additional 
consiomptive  use  development  would  result  in  fur- 
ther flow  reductions  with  subsequent  reductions  in 


hydroelectricity  production.  The  reductions  and  re- 
sulting impacts  would  be  greatest  under  the  Con- 
sumptive Use  Alternative,  intermediate  under  the 
Combination  Alternative,  and  least  under  the  In- 
stream Alternative.  MPC  objects  to  almost  all  new 
permit  applications  in  the  basin  above  Great  Falls  on 
the  basis  that  they  would  adversely  affect  its  prior 
rights. 

As  noted  in  Chapter  Four,  Canyon  Ferry  Dam 
was  built  in  the  1 950s  so  new  irrigation  development 
could  occur  in  the  basin  above  Great  Falls  without 
aflfecting  MPC's  power  production  at  its  seven  main- 
stem  Missouri  River  facilities.  In  1955.  before  Can- 
yon Ferry  Dam  was  constructed,  MPC  was  produc- 
ing annually  an  average  of  1.884  glgawatt  hours 
(billion  watt  hours  -  GWh)  of  electricity.  With  Canyon 
Ferry  Reservoir  in  place,  power  production  rose  to 
about  1,990  GWh  armually.  MPC  pays  BUREC  for 
this  dlfierence  in  power  generation  (106  GAVh)  re- 
ferred to  as  headwater  benefits.  Consumptive  uses 
developed  between  1955  and  1986  have  dropped 
average  annual  power  production  to  1 ,968  GWh  an- 
nually and  decreased  headwater  benefits  by22  GWh. 
This  consumptive  use  resulted  in  no  headwater  ben- 
efits in  the  2  lowest  power  producing  years  in  10 
(refer  to  Table  4-12).  Under  the  Consumptive  Use 
Alternative,  headwater  benefits  would  drop  46  per- 
cent below  those  in  1955  and  31  percent  below  the 
1986  levels.  Under  the  Combination  Alternative, 
headwater  benefits  would  drop  33  percent  below  the 
1955  level  and  16  percent  below  the  1986  level. 
Decreases  to  headwater  benefits  under  the  Instream 
Alternative  would  be  small.  Reductions  In  headwa- 
ter benefits  tmder  the  Consumptive  Use  and  Combi- 
nation alternatives  are  summarized  in  Table  6-6. 

FORT  PECK  RESERVOIR 

Consumptive  use  of  water,  as  proposed  to  vari- 
ous extents  in  all  the  alternatives,  would  make  less 
water  available  to  satisfy  Army  Corps  of  Engineers' 
claims  for  power  production  at  Fort  Peck  Reservoir. 
The  amounts  of  water  used  and  thereby  made  un- 
available to  the  Corps  for  power  generation  would  be 
greatest  under  the  Consumptive  Use  Alternative,  less 
under  the  Combination  Alternative,  and  least  under 
the  Instream  Alternative.  However,  the  Corps  has 
not  objected  to  the  issuance  of  water  use  permits 
upstream  of  the  dam. 

MURPHY  RIGHTS 

At  times,  summer  streamflows  are  already  lower 
than  DFWP's  Murphy  right  claims  on  the  following 
streams  where  reservations  for  new  consumptive 
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Table  6-6.  Decreases  In  Canyon  Ferry  Reservoir  headwater  benefits  to  hydropower  production  at  MPC's  seven 
malnstem  Missouri  dams  under  the  Consumptive  Use  and  Combination  alternatives  (annual  GWh) 


Frequency 

of 
occurrence 

A 

Headwater 

benefits  under 

existing  condKlons 

(1986  level  of 

Irrigation 
development) 

B 

Headwaters 

benefits 

under  the 

Consumptive  Use 

Alternative 

C 

Headwater 

benefits 

under  the 

Combination 

Alternative 

D 

Reductions 

to  headwater 

benefits  under 

the  Consumptive 

Use  AHemative 

(Col.  A- Col.  B) 

E 

Reductions 

to  headwater 

benefits  under 

the  Combination 

Alternative 
(Col.  A- Col.  C) 

1  year  in  1 0 

157 

145 

154 

12 

3 

2  years  in  10 

115 

101 

108 

14 

7 

5  years  in  10 

84 

37 

67 

47 

17 

8  years  in  10 

-1 

-16 

-9';  ;  ■ 

15 

8 

9  years  in  10 

-25 

-61 

-29 

36 

4 

Average 

84 

58 

71 

26 

13 

uses  are  proposed:  the  Madison  River  below  Ennis 
Lake,  the  Gallatin  River  from  the  Junction  of  the  East 
Gallatin  River  to  its  mouth,  the  Missouri  River  from 
Toston  to  Canyon  Ferry  Reservoir,  and  the  Smith 
River  from  the  Fort  Logan  Bridge  to  the  confluence 
with  Hound  Creek.  Development  of  consiamptive 
use  projects  would  cause  flows  to  drop  further  below 
those  claimed  by  DFWP  on  these  streams.  These 
effects  would  be  greatest  under  the  Consumptive 
Use  Alternative,  less  under  the  Combination  Alter- 
native, and  least  under  the  Instream  Alternative. 
DFWP  also  has  applied  to  reserve  instream  flows  on 
all  these  stream  reaches. 

Federal  reserved  Rights 
indian  tribes 

Projects  POI-10,  PO-421,  PO-171,  GL-11,  GL- 
221,  and  GL-201,  as  included  under  the  Consump- 
tive Use  and  Combination  alternatives,  are  on  deeded 
land  on  the  Blackfeet  Indian  Reservation  and  would 
divert  water  from  Birch,  Cut  Bank,  and  Whitetail 
creeks  and  the  Two  Medicine  River.  Project  PO-251 
and  the  City  of  Cut  Bank  also  would  divert  water 
from  Birch  and  Cut  Bank  creeks  where  those  streams 
border  reservation  land.  The  Instream  Alternative 
includes  projects  GA- 1 1  and  GL-22 1 ,  and  a  reserva- 
tion for  the  City  of  Cut  Bank.  The  Blackfeet  Tribes 
claim  reserved  rights  for  all  these  streams,  and  exist- 
ing flows  are  often  well  below  those  claimed  by  the 
Tribes  on  Cut  Bank,  Badger,  and  Birch  creeks  and 
the  Two  Medicine  River  (see  Table  4-15).  The  water 


reservations  would  be  Junior  to  the  Tribes'  rights, 
and  senior  tribal  water  users  could  preclude  reserv- 
ants  from  diverting  water  when  flows  are  low. 

The  tribes  of  the  Turtle  Mountain  Reservation  in 
North  Dakota  control  scattered  parcels  of  land  In  the 
basin.  Among  these  holdings  are  1,120  acres  on 
project  BSS-2,  which  is  included  in  the  Consumptive 
Use  Alternative.  Because  it  is  not  known  what  the 
reserved  water  rights  are  for  these  parcels,  reserving 
water  for  them  could  result  In  duplicating  irrigation 
water  rights  for  these  lands. 

Under  the  Consumptive  Use  and  Combination 
alternatives,  BUREC  would  divert  water  from  the 
Missouri  River  at  Virgelle  for  use  in  the  Milk  River 
drainage.  Some  of  the  water  diverted  into  the  MUk 
River  would  be  used  to  satisfy  reserved  vrater  rights 
for  the  tribes  of  the  Bixky  Boy  and  Fort  Belknap 
reservations. 

FEDERAL  AGENCIES 

The  U.S.  Forest  Service,  Bureau  of  Land  Man- 
agement, Fish  and  Wildlife  Service,  and  National 
Park  Service  all  claim  federal  reserved  rights  in  the 
basin.  Because  most  reserved  rights  for  the  U.S. 
Forest  Service  and  National  Park  Service  would  be 
for  flows  in  headwaters  streams,  it  is  unlikely  there 
would  be  conflicts  with  the  proposed  new  consump- 
tive uses,  most  of  which  would  be  at  lower  elevations. 
One  exception  would  be  Bozeman's  proposal  to 
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construct  a  reservoir  on  Sourdough  Creek,  a  stream 
that  flows  through  National  Forest  land.  Forest  Ser- 
vice approval  would  be  necessary  before  this  project 
could  be  developed.  U.S.  Fish  and  WUdllfe  Service 
holdings  with  reserved  rights  are  upstream  from  the 
proposed  reservations  and  therefore  would  not  be 
adversely  affected. 

BLM  claims  a  federal  reserved  water  right  with  a 
1976  priority  date  for  flows  in  the  wfld  and  scenic 
section  of  the  Missouri  River  (from  Fort  Benton  to  the 
Fred  Robinson  Bridge).  During  dry  years,  flows  in 
this  section  of  the  river  already  drop  lower  than  those 
that  BLM  considers  desirable  (see  Table  4-16).  The 
consumptive  water  uses  included  in  the  Consump- 
tive Use  and  Combination  alternatives  would  reduce 
flows  further.  Reductions  of  flow  and  any  resulting 
Impacts  would  be  greatest  under  the  Consumptive 
Use  Alternative,  less  under  the  Combination  Alter- 
native, and  least  under  the  Instream  Alternative  (see 
Figures  6-15  to  6-17). 

Impacts  to  Other  reservants 

The  amount  of  water  used  by  the  municipalities, 
which  are  given  first  priority  under  all  alternatives, 
would  be  relatively  small  and  probably  would  not 
have  much  effect  on  the  legal  availability  of  water  for 
other  reservants.  The  potential  for  conflict  is  greater 
between  consumptive  uses  and  Instream  requests 
on  streams  where  not  enough  water  is  available  for 
both  Irrigation  projects  and  Instream  flows.  Grant- 
ing of  reservations  for  irrigation  ahead  of  proposed 
instream  reservations,  as  in  the  Combination  and 
Consumptive  Use  alternatives,  would  reduce 
streamflows  available  for  Instream  reservations.  On 
the  other  hand,  granting  instream  reservations  with 
priority  higher  than  proposed  Irrigation  reservations, 
as  in  the  Instream  Alternative,  would  result  In  no 
water  being  available  for  Irrigation  projects  during 
dry  years,  except  for  project  VAS-1. 

STORAGE 

Fifteen  storage  projects  are  Included  In  the  reser- 
vation applications  as  summarized  in  Table  6-7.  Of 
these,  the  City  of  Bozeman's  proposed  6.000  acre- 
foot  reservoir  on  Sourdough  Creek  is  the  largest.  The 
total  volume  stored  by  all  15  projects  would  be  9.357 
acre-feet  under  the  Consumptive  Use  Alternative, 
7.490  acre-feet  under  the  Combination  Alternative, 
and  7, 1 17  acre-feet  under  the  Instream  Alternative. 
This  Increase  In  volume  is  small  In  comparison  to  the 
estimated  26  million  acre-feet  presently  stored  In  the 
basin. 


Reservations  would  make  some  water  unavail- 
able for  future  storage.  However,  reservations  gener- 
ally would  not  preclude  the  storage  of  spring  runoff 
flows.  A  case-by-case  analysis  would  be  necessary  to 
determine  the  amount  of  water  available  for  a  spe- 
cific storage  project.  Appendices  C  and  I  provide  an 
indication  of  the  amount  of  water  that  would  be 
available  for  storage.  Overall,  these  cimounts  would 
be  similar  under  the  three  alternatives.  In  general, 
new  storage  projects  would  probably  require  larger 
storage  capacity  to  obtain  a  given  firm  yield  with  the 
reservations  in  place  than  without  them. 


Table  6-7.  Proposed  storage  projects  (capacities  in 
acre-feet) 


Stream 


Consumptive  Combi- 

Use     Instream  nation     Purpose 


Sourdough  Creek 
Bozeman  6,000      6,000     6,000     Municipal 

Cut  Bank  Creek 
Cut  Bank  400        400        400     Municipal 


Teton  River 

TE-361 

288 

_? 

a 

inigatbn 

TE-591 

2.236 

2,236 

2,236 

Irrigation 

TE-401 

263 

— 

— 

inigatbn 

TE-581 

113 

— 

— 

Inigatbn  and 
fishi  and  wildlife 

CH-381 

513 

— 

— 

Inigatbn 

Marias  River 

T0^21 

112 

— 

112 

Inigatbn 

PO-91 

127 

— 

— 

Inigatbn 

Teton/Alkali  Coulee 
CH-641  53  53  53     Wildlife 


Cut  Bank  Coulee 

CHFG-181 

38 

38 

38 

Fire  prot« 
and  reci 

Judith  River 

FE-81 

403 

— 

— 

Irrigation 

FE-161 

375 

375 

375 

Irrigation 

FE-161 

261 

— 

261 

In-igation 

Unnamed  tributary  - 

Smith  Creek 

LC-251 

160 

— 

— 

Inigatbn 

TOTAL  11,342      9,102      9,475 

'    Blank  space  indicates  a  project  is  not  included  in  that  alternative. 
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Reservations  also  would  affect  benefits  from  ex- 
isting storage  projects.  The  three  alternatives  would 
lower  water  levels  in  Canyon  Ferry,  Tiber,  and  Fort 
Peck  reservoirs  under  the  present  regime  of  reservoir 
operation.  Annual  hydropower  generation  would 
decrease  at  all  main-stem  hydropower  facilities  (refer 
to  section  on  hydropower)  and  recreation  would  be 
affected,  primarily  at  Canyon  Ferry,  Tiber,  and  Fort 
Peck  (refer  to  section  on  recreation).  Impacts  to  exist- 
ing storage  would  be  greatest  imder  the  Consumptive 
Use  Alternative,  less  under  the  Combination  Alterna- 
tive, and  least  with  the  Instream  Alternative. 

WATER  QUALITY 

General  Impacts  and  Considerations 

Reservations  for  irrigation  projects  would  reduce 
flows  during  the  summer  when  some  streams  are 
already  low  due  to  existing  uses  and  natural  condi- 
tions. Diversions  during  low-flow  periods  generally 
reduce  water  quality  by  decreasing  the  amount  of 
water  available  to  dilute  contaminants.  Reduced 
summer  flows  can  elevate  stream  temperature .  Water 
quality  is  further  affected  by  irrigation  return  flows 
which  may  carry  nutrients  and  pesticides  into 
streams  or  aquifers.  Leaching  and  water  use  by 
crops  can  increase  salt  concentrations  In  return  flows 
and  receiving  streams.  Figures  6-19  and  6-20  com- 
pare TDS  concentrations  to  Montana  standards  un- 
der existing  conditions  and  to  those  that  would  occur 
under  the  Consumptive  Use  and  Combination  alter- 
natives on  selected  streams.  Except  where  otherwise 
noted,  all  proposed  projects  together  would  have  only 
minor  effects  on  TDS  concentrations  in  the  Missouri 
River  and  its  tributaries. 

Construction  of  reservoirs  and  diversion  struc- 
tures could  lead  to  short-term  sediment  increases 
when  streambeds  are  disturbed.  Construction  that 
disturbs  a  stream  channel  would  require  the 
reservant  to  comply  with  the  provisions  of  the  Natural 
Streambed  and  Land  Preservation  Act  (SB  310)  and 
could  require  a  permit  from  the  Army  Corps  of  Engi- 
neers under  Section  404  of  the  federal  Clean  Water 
Act. 

Arsenic 

Arsenic  that  originates  in  Yellowstone  National 
Park  is  present  in  high  concentrations  in  the  Madison 
and  Missouri  rivers.  According  to  EPA,  for  every  one 
|ig/L  rise  in  arsenic  the  risk  of  cancer  increases  by  50 
cases  per  million  people.  Based  on  this  Information 


and  average  concentrations,  the  existing  cancer  risk 
is  about  1  case  of  cancer  for  every  274  people  at 
Ermls  and  1  case  of  cancer  for  every  666  people  at 
Toston.  These  estimates  are  based  on  the  assump- 
tion that  people  are  drinking  about  2  liters  of 
untreated  Madison-Missouri  River  water  daily  for 


Figure  6-19.  TDS  Increases  under  the  Consumptive 
Use  Alternative 
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Figure  6-20.  TDS  Increases  under  the  Combination 
Alternative 
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most  of  their  lives.  All  consumptive  use  projects  in- 
cluded in  the  three  altemattves  could  increase  arsenic 
concentrations  in  surface  water  and  groundwater. 

Water  in  the  Madison  and  Mlssoiorl  rivers  con- 
tains arsenic  at  relatively  high  concentrations  and 
irrigating  with  this  water,  as  proposed  in  the  three 
alternatives,  would  contaminate  shallow  aquifers 
under  the  projects  and  might  affect  wells.  An  inves- 
tigation by  Sonderregger  et  al.  (1989)  shows  that  irri- 
gation with  arsenic-laden  Madison  River  water  has 
contaminated  shallow  aquifers  underlying  the  Madi- 
son valley.  Arsenic  concentrations  as  high  as  130  jig/ 
L  have  been  recorded  in  these  aquifers  and  arsenic 
has  contaminated  wells  used  for  drinking  water.  Use 
of  Missouri  and  Madison  river  water  for  irrigation 
would  result  in  evaporation  and  water  use  by  plants. 
This  could  concentrate  arsenic  in  return  flows  which 
in  turn  would  increase  the  arsenic  concentration  in 
the  Missouri  River,  ^pendlx  J  lists  projects  that 
might  cause  these  effects. 

Projects  that  deplete  flows  In  tributaries  would 
reduce  the  amount  of  water  available  to  dilute  already 
high  arsenic  concentrations  in  the  Missouri  River. 
Appendix  J  also  lists  projects  that  would  reduce  tribu- 
tary flows  into  the  Missouri  River. 

In  some  Instances,  diverting  water  from  the  Mis- 
souri and  Madison  rivers  for  consumptive  use  could 
add  arsenic  to  other  drainages  where  arsenic  concen- 
trations are  much  tower.  These  effects  are  described  in 
more  detail  in  discussions  for  each  subbasin. 

Under  the  three  alternatives,  people  in  communi- 
ties that  use  Missouri  River  water  would  face  an  in- 
creased risk  of  developing  skin  cancer  from  drinking 
water  with  elevated  arsenic  concentrations  unless 
public  water  supplies  could  be  treated  to  offset  arse- 
nic Increases  fTable  6-8).  This  risk  would  be  greatest 
under  the  Consumptive  Use  Alternative,  less  tmder 
the  Combination  Alternative,  and  least  under  the  In- 
stream  Alternative. 

Nutrients  and  Pesticides 

Pesticides  and  soluble  fertilizer  components  such 
as  nitrate,  nitrogen,  and  phosphorous  can  percolate 
Into  groundwater  that  eventually  flows  to  streams. 
Intermittent-move  sprinkler  systems  and  flood  sys- 
tems are  more  likely  to  cause  contamination  than 
continuous-moving  systems  such  as  center  pivots 
that  can  be  adjusted  to  apply  water  more  efficiently  to 
soUs.  Pesticides  resist  chemical  decomposition  and 


Table  6-8.  Municipalities  in  the  Missouri  River  Basin 
above  Fort  Peck  using  Missouri  River  water  that 
would  contain  elevated  arsenic  levels  as  a  result  of 
reservations 


Municipalities 

Three  Forks 

Townsend 

Bureau  of  Reclamation  -  Canyon  Ferry     SW 

Helena 

Great  Falls 

Carter 

Fort  Benton 

Fort  Peck 

a  GW  =  groundwater  in  aquifer  connected  to  the  Missouri  River 

SW  =  Missouri  River  water 
b  From  DHES  files 

c  Users  of  well  water  also  could  be  affected 
d  Average  population  served  by  the  Missouri  River  supply 

(city  also  uses  other  water  sources) 


Source* 

Population 
Served''''' 

GW 

1,180 

GW 

1,600 

SW 

100 

SW 

12.000*' 

SW 

72,000 

SW 

220 

GW/SW 

1,675 

SW 

500 

have  little  capacity  to  bind  with  soil  organic  matter. 
Because  fertilizers  and  pesticides  are  commonly  used 
on  agricultural  crops,  many  of  the  proposed  irriga- 
tion projects  have  the  potential  to  contribute  nutri- 
ents and  pesticides  to  shallow  groundwater  and 
nearby  streams. 

Projects  on  gravel  benches  with  thin,  permeable 
soils  over  shallow  aquifers  are  most  likely  to  contrib- 
ute pesticides  and  nutrients  to  the  water  table  and 
eventually  to  surface  water.  Such  effects  also  are 
likely  for  projects  where  thin  soUs  are  underlain  by 
Impermeable  bedrock.  Table  6-9  lists  projects  where 
DNRC's  analysis  Indicates  nutrient  and  pesticide 
contamination  may  occur.  Careful  application  of 
water  with  sprinkler  irrigation  systems  would  mini- 
mize nutrient  and  pesticide  contamination. 

Dissolved  oxygen  levels  can  be  reduced  when 
nutrients  are  added  to  a  stream,  pond,  lake,  or  res- 
ervoir. These  effects  would  be  greatest  on  streams 
where  temperatures  are  high  and  streamflows  and 
dissolved  oxygen  levels  are  already  low.  Adequate 
information  is  not  available  to  determine  all  streams 
where  such  impacts  might  occur  as  a  result  of  reser- 
vations.  Instead,  DNRC  compiled  a  list  of  streams 
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where  low  flows  are  already  a  problem,  and  pro- 
posed reservations  could  increase  water  tempera- 
tures and  decrease  dissolved  oxygen  (Table  6-10). 
Dissolved  oxygen  levels  may  already  be  low  on  some 
of  these  streams,  and  nutrients  from  the  proposed 
projects  could  worsen  existing  problems.  Tempera- 
tures also  might  rise  on  these  streams  as  flows  are 
reduced.  High  water  temperatures  would  further 
reduce  dissolved  o^q^gen  which  becomes  less  soluble 
as  water  warms. 

INSTREAM  RESERVATIONS 

Instream  reservations  would  not  change  the  ex- 
isting water  quality,  but  would  limit  further  flow 
depletions,  thereby  helping  to  prevent  lacreases  in 
water  temperatures  and  lower  dissolved  oxygen  lev- 
els, especially  during  low-flow  periods.  Water  left 
instream  helps  to  dilute  discharges  of  acid  and  toxic 


metals  from  operating  or  abandoned  mines  (such  as 
in  the  upper  Wise  River  drainage .  Boulder  River,  Belt 
Creek,  and  Grasshopper  Creek).  Instream  flow  res- 
ervations also  would  help  maintain  streams'  ability 
to  dilute  pollutants  and  to  protect  holders  of  waste- 
water discharge  permits  from  added  treatment  costs. 

HEADWATERS  SUBBASIN 

The  Madison  River  has  natural  arsenic  concen- 
trations that  exceed  water  quality  standards  (USGS 
1987).  Water  quality  investigations  by  Sonderegger 
and  others  (1989)  have  identified  arsenic  contam- 
ination of  groundwater  In  areas  irrigated  with  Madi- 
son River  water.  Under  the  Consumptive  Use  and 
Combination  alternatives,  additional  contamination 
of  aquifers  would  occur  in  portions  of  the  lower 
Gallatin  basin  that  would  be  irrigated  with  water 
from  the  Madison  River.  Madison  River  water  with 


Table  6-9.  Projects  with  potential  to  cause  nutrient  and  pesticide  contamination 


Missouri 

Missouri 

Missouri 

River - 

River - 

River- 

Three 

Hotter 

Belt  Creek 

Jefferson/ 

Forks  to 

Dam  to 

to  Fort 

Boulder 

Hotter 

Belt 

Smith 

Sun 

Belt 

Marias 

Teton 

Pock 

Judith 

Gallatin 

rivers 

Dam 

Creek 

River 

River 

Creek 

River 

River 

Reservoir 

River 

Consumptive 

GA-13 

JV-201 

BR-38 

CS-541 

CSI-111 

CS-31 

CS-42 

LI-161 

TE-321 

CHS-3 

FEI-50 

Use  Alternative 

GA-14 

JV-202 

BR-34 

CSI-103 

CSI-120 

CS-51 

CS-44 

LI-162 

TEI-40 

CHS-5 

FEI-40 

GA-35 

JV-203 

BR-104 

CSI-12 

CS-68 

CS-32 

LI-263 

TE-411 

CHS-6 

FE-671 

GA-79 

JV-95 

BR-103 

CSI-41 

CSI-81 

TO-221 

TE-281 

CH-541 

FE-672 

GA-81 

JV-17 

LC-11 

LC-210 

TEI-80 

CHI-52 

TE-282 

FE-673 

GA-44 

JV-18 

CSI-82 

TEI-100 

LI-262 

GA-46 

BR-101 

CSI-83 

TEI-571 

LI-261 

GA-124 

CSI-92 

LI-91 

GA-143 

CSI-91 

GL-201 

Instream 

None 

None 

BR-38 

CS-541 

CSI-11 

CSI-81 

None 

LI-161 

TE-321 

None 

FE-671 

Alternative 

BR-34 

CSI-103 

CSI-12 

CSI-41 

CSI-82 

CSI-83 

CSI-92 

TEI-571 

LI-162 

- 

FE-672 
FE-673 

Combination 

GA-79 

BR-101 

None 

CS-541 

CSI-111 

CSI-81 

CS-42 

LI-161 

TE-321 

.  CHS-3 

FEI-40 

Alternative 

GA-46 

CSI-103 

CSI-120 

TEI-571 

CS-t7 

LI-162 

CHS-5 

FE-671 

FA-143 

CSI-12 

CS-63 

LI-268 

CHS-6 

FE-572 

GA-44 

CSI-41 

Ta221 

FE-673 

GA-124 

CSI-82 
CSI-83 
CSI-92 
CSI-91 

- 

CHI-52 

LI-262 

LI-261 

LI-91 

GL-201 
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Table  6-10.  Requested  consumptive  use  reservations  that  might  damage  aquatic  life  by  increasing  water 
temperatures  and  decreasirig  dissolved  oxygen  under  the  different  alternatives 


Consumptive 

Consumptive 

Use 

instraam 

Combination 

Use 

instream 

Combination 

SubbasirVStraams 

Alternative 

Alternative 

Alternative 

Subbasin/Streams 

Alternative 

Alternative 

Alternative 

Headwaters  Subbasin 

Sun  River 

TEI-80 

CS-241 

CSI-83 

East  Gallatin  River 

GA-40 

None 

GA-41 

CS-241 

CSi-83 

CSI-81 

GA-41 

GA-79 

CSI-83 

CSi-81 

CSi-82 

GA-79 

GA-46 

CSi-81 

CSI-82 

CSI-92 

GA-24 

GA-143 

CSi-82 

CSI-92 

CSI-91 

GA-46 

GA-44 

CSI-71 

TE-571 

TE-181 

GA-13 

GA-151 

TEi-100 

GA-143 

GA-124 

CS-171 

TE-183 

GA-44 

GA-14 

CS-471 

LC-131 

GA-151 

GA-35 

CSI-92 

TE-571 

GA-124 

GA-92 

TEI-90 

GA-110 

CSI-91 

GA-14 

CS-31 

GA-92 

CS-51 
CS-32 

Jefferson  River 

BR-52 

BR-101 

GA-102 

JV-203 

JV-55 

JV-95 

JV-204 

JV-202 

JV-25 

None 

BR-52 
BR-101 
GA-102 
JB-55 

CSS-200 

CS-231 

TE-181 

TE-183 

CS-21 

LC-131 

TE-571 

LC-251 

Belt  Creek 

CS-43 

CS-43 

CS-43 

Boulder  River 

JV-18 

None 

JV-18 

CS-42 

JB-281 

CS-42 

JV-80 

JV-80 

CS-44 

CS-44 

JV-17 

JV-17 

CS-159 

CS-159 

JV-81 

JV-81 

CHS-1 

JB-281 

JV-63 

JV-63 

JB-281 
JB-61 

JB-61 

Upper  Missouri  Subbasin 

N     " 

Deep  Creek 

BR-28 

BR-28 

BR-28 

Marias/Teton  Subbasin 

BR-29 

Cut  Bank  Creek 

GL-221 
GL-11 

GL-221 
GL-11 

GL-221 
GL-11 

Crow  Creek 

BR-35 

BR-35 

BR-35 

Unnamed  tributary  of 

Warm  Springs  Creek 

BR-44 

BR-44 

BR-35 

Bullhead  Creek 

PO-411 

None 

PO-41 1 

BR-40 

BR-40 

BR-40 

PO-271 

PO-271 

BR-41 

BR-41 

BR-41 

BR-42 

BR-42 

BR-42 

Timber  Coulee 
Laughlin  Coulee 

TO-421 
PO-91 

None 

TO-421 

Smith  River 

CS-61 

CS-61 

CS-61 

GS-71 

CSl-102 

CS-71 

Spring  Coulee 

TE-361 

None 

None 

CSI-120 

CS-251 

CSE-102 

CS-251 

CS-271 

CS-251 

Gamble  Coulee 

TE-581 

TE-591 

TE-591 

CS-252 

CS-331 

CS-252 

TE-591 

CS-271 

CS-271 

' 

CS-331 

CS-331 

Unnamed  tributary  of 

TE-401 

None 

None 

CSI-102 

CSI-120 

Teton  River 
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Table  6-1 0  (continued) 

Consumptive 
Use 

Instream 

Combination 

Subbasin/Streams 

Alternative 

Alternative 

Alternative 

Teton  River  main  stem 

CHI-61 

TE-321 

TE-321 

TE-321 

CH-641 

CH-641 

CHI-72 

TE-101 

TE-101 

TEI-40 

TE-591 

TE-101 

TEI-30 

CHI-74 

TEI-10 

TEI-50 

TE-411 

TEI-60 

CHI-80 

TEI-20 

TE-281 

TE-282 

TEI-70 

CH-381 

CH-641 

TE-101 

TE-81 

TE-581 

TE-591 

TE-401 

TE-361 

CH-381 

Middle  Missouri  Subbasin 

Unnamed  tributary  of 
Big  Sag  Creek 

CH-551 

CH-551 

CH-551 

Shonkin  Creek 

CH-201 

CH-201 

CH-201 

Unnamed  tributary  of 
Campbell  Coulee 

FE-42 

None 

None 

Wolverine  Creek 

FE-141 

FE-141 

FE-141 

Running  Wolf  Creek 

JBS-3 

JB-261 

JBS-3 

Wolf  Creek 

FE-81 

None 

None 

Little  Casino  Creek 

FE-431 

FE-431 

FE-431 

Olsen  Creek 

FE-671 

FE-671 

FE-671 

Louse  Creek 

JB-21 

JB-231 

JB-21 

JB-231 

JB-232 

JB-231 

JB-232 

JB-232 

McCarthy  Creek 

JB-111 

None 

JB-111 

arsenic  averaging  about  70  ug/L  would  be  diverted 
for  Irrigation  of  Project  GA-201  and  would  add  arse- 
nic to  deep  groundwater  beneath  the  project.  Be- 
cause the  groundwater  drains  Into  the  Gallatin  River, 
arsenic  from  the  Madison  drainage  would  be  Intro- 
duced into  this  stream.  Measured  background  con- 
centrations of  arsenic  in  the  Gallatin  River  have  been 
less  than  2  \ig/L  (USGS  1987). 

Under  the  Consumptive  Use  and  Combination 
alternatives,  the  already  high  arsenic  concentrations 
in  the  Boulder  River  (6  to  38  ng/L)  (USGS  1987) 
would  Increase.  The  Instream  Alternative  would  help 
insure  that  the  present  dilution  of  arsenic  In  the 
Madison  and  Boulder  rivers  continues. 

The  Jefferson  River  would  supply  a  substantial 
amount  of  water  for  irrigation  projects  in  the  Con- 
sumptive Use  and  Combination  alternatives.  During 
times  of  peak  diversion  when  flows  in  the  river  are 
already  low,  the  quality  of  remaining  water  would 
deteriorate  as  water  temperatures  rise  and  nutrients 
and  salts  from  return  flows  enter  the  river.  These 
impacts  would  be  greatest  under  the  Consumptive 
Use  Alternative,  less  under  the  Combination  Alter- 
native, and  least  under  the  Instream  Alternative. 

Suflflclent  details  are  not  available  to  thoroughly 
analyze  the  City  of  Bozeman's  proposed  reservation 
for  a  reservoir  on  Sourdough  Creek.  Depending  on 
how  the  water  storage  project  is  operated,  increased 
water  use  and  reduced  streamflow  Ifi  Sourdough 
Creek  might  increase  water  temperatures  and  re- 
duce dissolved  oxygen  levels.  Short-term  sedimen- 
tation would  occur  during  reservoir  construction. 

Upper  Missouri  Drainage 

InAugust  of  dry  years,  arsenic  concentrations  in 
the  Missouri  River  at  Toston  already  exceed  the 
drinking  water  standard  of  50  ng/L.  Under  the 
Consumptive  Use  Alternative,  flow  reductions  could 
increase  arsenic  concentrations  at  Toston  in  August 
by  about  27  percent  in  the  driest  year  In  10  and 
about  16  percent  during  average  years.  In  wet  years, 
August  arsenic  concentrations  could  Increase  by  ap- 
proximately 6  percent.  Table  6-11  shows  the  effect  of 
flow  reductions  on  arsenic  concentrations.  These 
calculations  were  based  on  limited  data  and  assume 
that  the  amount  (not  concentration)  of  arsenic  pass- 
ing Toston  does  not  change  with  flow. 

New  irrigation  projects  in  the  Sun  River  drainage 
would  contribute  to  overall  deterioration  of  water 
quality  in  the  lower  Sun  River,  with  the  greatest 
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Table  6-11.  Predicted  effect  of  the  Consumptive  Use  Alternative  on  arsenic  concentrations  in  the  Missouri  River 
during  August  at  Toston,  Moptana 


Percent  of  Time  Row  or 

Baseline 

Arsenic 

Depleted 

Arsenic 

Arsenic  Concentration  Is 

Flow 

Concentrations 

Flow 

Concentrations 

Percent 

Equalled  or  Exceeded 

(cfs) 

(^g/L) 

(cfs) 

(^g/L) 

Increase 

90 

829 

106 

601 

135 

27 

80 

1,280 

70 

1,045 

86 

23 

50 

2,251 

38 

1,956 

44 

16 

20 

3.065 

30 

2,746 

32 

6 

10 

3.741 

27 

3,372 

29 

7 

Impacts  occurring  under  the  Consumptive  Use  Al- 
ternative. Return  flows  from  projects  In  the  Con- 
sumptive Use  Alternative  are  expected  to  contain 
525  mg/LTDS.  TDS  concentrations  In  the  Sun  River 
are  already  high,  and  return  flows  could  raise  TDS 
above  the  drinking  water  standard  of  500  mg/L  (see 
Figure  6-19). 

Project  TE-571 — Included  In  all  alternatives- 
would  reduce  flows  In  Muddy  Creek,  and  return  flows 
from  the  project  would  contribute  sediment  to  the 
stream.  Muddy  Creek  Is  heavily  polluted  and  has  a 
high  sediment  load. 

In  the  Consumptive  Use  Alternative,  project  CS- 
42  would  flood-Irrigate  124  acres  along  Belt  Creek 
and  streambank  erosion  would  add  sediment  to  the 
stream.  Under  the  Consumptive  Use  and  Combina- 
tion alternatives,  projects  CS-44  and  CS-42  on  Belt 
Creek  have  high  potential  to  contaminate  a  shallow 
(10-15  feet)  aquifer  with  pesticides  and  nutrients 
from  fertilizers. 

Increased  TDS  concentration  from  Irrigation 
projects  In  the  main-stem  Missouri  River  would  be 
small  under  all  alternatives. 

Marias/Teton  Subbasin 

The  Marias  and  Teton  drainages  support  exten- 
sive Irrigation,  and  new  projects  would  Increase  water 
quality  problems.  Water  In  these  rlvere  typically 
contains  TDS  concentrations  of  about  360  mg/L. 
Return  flows  from  Irrigation  In  this  area  contain 
about  720  mg/L  of  TDS.  Assuming  a  worst-case 
situation.  TDS  concentrations  In  the  Marias  and 


Teton  rivers  would  Increase  from  360  mg/L  to  379 
mg/L  near  Loma  but  would  not  exceed  the  public 
drinking  water  standard  of  500  mg/L. 

Project  BSS-2  In  the  Consumptive  Use  Alterna- 
tive would  Irrigate  nearly  20.000  acres.  Most  return 
flows  and  potential  pollution  from  this  large  project 
would  flow  northeast  to  the  Milk  River  drainage  via 
ancient  river  channels  and  aquifers.  Because  of  the 
size  of  this  project,  effects  on  the  Milk  River  and  Big 
Sandy  Creek  could  be  substantial.  Detailed  envfron- 
mental  analysis  would  be  requfred  to  assess  these 
potential  effects. 

The  Consumptive  Use  Alternative  would  reduce 
Teton  River  flows  substantially,  and  more  frequently 
to  zero,  so  water  temperatures  could  rise  and  dis- 
solved oxygen  could  drop  to  the  point  where  aquatic 
life  might  be  harmed.  The  Combination  and  In- 
stream  alternatives  include  few  projects  and  impacts 
would  be  less.  ProjectsTE-361,TE-401,  andTE-581 
In  the  Consumptive  Use  Alternate  and  Projects  CH- 
641  and  TE-591  In  all  alternatives  Involve  reservofr 
construction  which  would  contribute  sediment  to 
the  river. 

Middle  Missouri  Subbasin 

Under  the  Consumptive  Use  and  Combination 
alternatives.  BUREC  would  divert  280  cfs  from  the 
Missouri  River  near  Vligelle  to  a  canal  system  lead- 
ing to  the  Milk  River  near  Havre.  Canal  construction 
and  seepage  from  the  canal  would  contribute  sedi- 
ments and  salts  to  Big  Sandy  Creek.  Arsenic  from 
the  Missouri  River  would  be  Introduced  Into  the  Milk 
River  via  this  canal.  Estimated  arsenic  concentra- 
tions in  water  diverted  from  the  Missouri  River  are 
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between  10  and  17  |ig/L  (DHES  1989).  This  com- 
pares to  arsenic  levels  In  the  Milk  River  ranging  from 
less  than  1  ^g/L  to  6  ^ig/L.  DNRC  estimates  that 
during  the  2  driest  jrears  out  of  10  on  the  Milk  River 
near  Havre,  average  arsenic  concentrations  would 
increase  about  50  percent  from  4  |ig/L  to  6  |ig/L  in 
July  and  August  as  a  result  of  the  BUREC  project. 
This  increase  is  well  below  the  public  drinking  water 
standard  of  50  M-g/L,  but  any  increase  in  arsenic 
would  violate  the  BHES  surface  water  instream  stan- 
daxd  of  20  nanograms  per  liter.  The  arsenic  would 
pose  a  health  risk  to  communities  and  persons  using 
Milk  River  water  as  a  drinking  supply.  Furthermore, 
using  water  with  elevated  arsenic  levels  for  Irrigation 
could  increase  arsenic  in  groundwater.  Cities  along 
the  Milk  River  would  have  to  further  treat  their  water 
to  maintain  existing  drinking  water  quality  fTable  6- 
12).  Diverting  Missouri  River  water  into  the  Milk 
River  also  could  cheinge  water  temperatures,  but  the 
effects  of  this  on  aquatic  life  in  the  Milk  River  are 
uncertain. 

In  the  Judith  drainage,  project  FEI-50  Included 
in  the  Consumptive  Use  Alternative  could  contribute 
nutrients  to  a  shallow  aquifer  which  would  affect  the 
water  quality  of  springs  along  bench  margins.  The 
same  potential  exists  for  projects  FEI-671,  FEI-672, 
FE-673,  and  FEI-40  in  both  the  Consumptive  Use 
and  Combination  alternatives.  JBS-3  in  all  altema- 


Table  6-12.  Municipalities  using  Milk  River  water  or 
adjacent  groundwater  that  would  contain  elevated 
arsenic  levels  as  a  result  of  BUREC  Virgelle  diversion 


Municlpalityt> 

Source" 

Population  Served' 

Havre 

SW/GW 

10,580 

Chinook 

SW 

1,600 

Harlem 

sw 

960 

Malta 

GW 

2,480 

Glasgow 

SW/GWd 

4,455 

a    GW  =  groundwater  in  hydrologic  contact  with  the  Milk  River, 

SW  =  Milk  River  water 
b   Other  well  source  users  outside  of  cities  could  also  be  affected 
c    U.S.  Bureau  of  Census  - 1980  and  1988 
d    Glasgow  diverts  public  drinking  water  from  Fort  Peck  Reservoir 

and  £tlso  maintains  wells  neetr  the  city  for  standby  use  only. 


tlves  would  divert  water  from  Running  Wolf  Creek.  It 
is  questionable  whether  the  existing  water  quality 
(hi^  TDS  concentrations)  in  Running  Wolf  Creek  is 
suitable  for  irrigation  (Judith  Basin  Conservation 
District  1989)  and  the  project  could  increase  TDS 
further.  Project  FE-141.  included  in  aH  alternatives, 
would  contribute  sediment  to  the  river  during  con- 
struction of  two  water  storage  projects. 

In  the  Musselshell  River  drainage,  the  quality  of 
water  in  the  Jeffrey  Mine,  which  would  be  pumped  as 
part  of  Project  LM-20,  probably  would  not  change  in 
response  to  pumping  for  the  project.  If  the  mine 
water  is  used  only  when  river  flows  are  low,  the  Jef- 
frey Mine  water  would  decrease  major  constituents 
and  TDS  in  the  Musselshell  River.  The  water  in  other 
area  mines — the  Republic  #2,  Prescott,  and 
Roundup  #3 — is  not  suitable  for  irrigation  because  of 
high  TDS,  sulfates,  and  sodium.  If  these  mines  were 
to  be  used  to  store  water,  the  water  in  them  would 
have  to  be  purged  periodically  when  flows  in  the 
Musselshell  River  are  high.  This  would  require  a 
discharge  permit  from  DHE^S  and  possible  treatment 
of  the  mine  water  if  dilution  flows  in  the  river  are  not 
sufficient.  The  quality  of  groundwater  seeping  back  Into 
the  mines  may  be  comparable  or  superior  to  that  of  the 
river  at  low  flows.  If  inflow  is  sufficient,  it  might  be  pos- 
sible to  use  this  water  periodically  for  irrigation. 

The  mine  water  also  would  contain  dissolved  Iron 
which  probably  would  precipitate  as  ferric  h)rdroxide 
when  discharged  into  surface  water.  Aeration  and 
settling  at  a  minimum  would  be  required  to  avoid  iron 
oxide  deposition  which  would  form  an  orange  coating 
in  the  stream  channel.  Manganese  also  is  present  in 
the  water  at  concentrations  that  might  require  treat- 
ment to  avoid  deposition  in  the  stream  channel. 

Pentachlorophenol,  a  carcinogen,  has  been  de- 
tected at  low  concentrations  at  one  site  in  the 
Roundup  #3  Mine.  The  source  of  this  contamination 
is  uncertain,  but  it  may  be  locally  generated  near  the 
sampling  point.  Discharge  of  detectable  pentachlo- 
rophenol probably  would  be  precluded  by  DHES 
nondegradatlon  rules. 

Project  VAS- 1 ,  Included  In  aU  alternatives,  would 
divert  water  from  Fort  Peck  Reservoir  jind  increase 
concentrations  of  nutrients  and  salts  in  the  Milk 
River  and  Missouri  River  below  Fort  Peck  Dam.  Sur- 
face runoff  and  excess  canal  flow  from  the  project  also 
would  contribute  sediment  to  the  rivers.  Arsenic  in 
return  flows  from  the  diversion  waters  could  con- 
taminate a  short  segment  of  the  Milk  River.  Present 
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arsenic  levels  In  the  Milk  River  near  Nashua  are  2  to 
6  M-g/L.  The  introduction,  of  Missouri  River  water 
containing  10  to  17  ng/L  would  violate  the  BHES 
surface  water  (Instream)  standard  of  20  nanograms 
per  liter.  Because  the  town  of  Nashua  obtains  Its 
drinking  water  from  two  wells  that  are  thought  to 
have  their  source  In  the  Porcupine  Valley  aquifer, 
this  supply  would  not  be  affected. 

SOILS  AND 
STREAM  CHANNEL  FORM 

Soils  -  General  Impacts  and 
Considerations 

The  degree  to  which  soils  are  affected  by  Irriga- 
tion depends  upon  existing  land  use,  soil  type,  and 
Irrigation  management  practices.  Applying  supple- 
mental water  to  currently  Irrigated  land  has  less 
effect  on  soils  than  converting  native  rangeland  to 
Irrigated  agriculture.  Irrigation  In  a  seml-arld  region 
can  have  a  profound  effect  on  long-term  soil  produc- 
tivity through  Its  effects  on  soil  salinity. 

The  concentration  of  salts  in  soU  Increases  as 
water  is  removed  by  evaporation  or  used  by  plants. 
This  Increase  can  be  controlled  by  leaching,  which  is 
the  practice  of  applying  more  irrigation  water  than 
crops  require.  Leaching  prevents  excessive  salinity 
in  the  root  zone  by  moving  salts  downward  through 
the  soil  faster  than  they  are  added  by  irrigation  water 
and  other  sources.  Without  leaching,  soil  salt  levels 
in  a  semi-arid  climate  will  increase  and  productivity 
will  decrease. 

Several  changes  to  soUs  occur  when  dryland 
farming  is  replaced  by  irrigation.  Wind  erosion  rates 
decrease  during  the  irrigation  season  on  cultivated 
fields  because  wet  soils  are  more  resistant  to  erosion. 
Irrigation  enhances  crop  cover  during  the  growing 
season  and  provides  more  protection  from  wind  and 
water  erosion  than  dryland  crops.  Irrigation  also 
increases  plant  residues  returned  to  the  soil.  Soil 
structure  is  Improved,  microbe  populations  benefit 
from  the  added  food  source,  and  nitrogen  fertility  is 
enhanced.  Tables  6- 1 6  through  6- 1 9  list  acreages  by 
subbasln  where  dry  cropland  would  be  converted  to 
irrigated  agriculture  and  the  above  mentioned  effects 
to  soils  would  occur. 

The  effects  of  converting  rangeland  to  irrigation 
are  quite  different  fi-om  those  associated  with  con- 
verting cropland.  Researchers  have  measured  de- 
creases in  or^ganic  carbon  of  25  to  60  percent  as  a 


result  of  cultivating  native  rangeland,  with  total  ni- 
trogen decreases  of  24  to  50  percent  (Blank  and 
Fosberg  1989;  Baur  and  Black  1981;  Campbell  and 
Souster  1982;  Dormaar  1979).  Organic  matter  losses 
of  15  percent  were  measured  by  Lehane  and  Staple 
(1943)  within  the  first  10  months  afi;er  cultivation. 
Annual  losses  would  be  greatest  during  the  first  20 
years  and  would  stabilize  after  the  first  50  years 
(Doughty  et  al.  1954).  These  changes  are  likely  to 
reduce  the  ability  of  soils  to  hold  water,  increase  soil 
susceptibility  to  erosion,  and  Increase  the  need  for 
chemical  fertilizers  (Blank  and  Fosberg  1989; 
Campbell  and  Souster  1982). 

These  effects  would  be  reduced  somewhat  by 
alfalfa  production.  Alfalfa,  as  a  nitrogen-fbdng  plant. 
Increases  the  amount  of  nitrogen  available  to  subse- 
quent crops.  The  addition  of  alfalfa  residues  would 
lessen  the  loss  of  organic  carbon.  The  perennial 
cover  of  an  alfalfa  crop  would  reduce  erosion  through- 
out the  year  and  provide  additional  moisture  by  trap- 
ping snow.  An  alfalfa-graln  rotation  would  disrupt 
weed  and  Insect  pest  cycles  established  under  dry- 
land cropping  patterns.  Tables  6-16  through  6-19 
list  acreages  where  rangeland  would  be  converted  to 
irrigated  agriculture  and  where  associated  effects 
would  occur. 

Unless  otherwise  noted,  supplemental  irrigation 
of  existing  Irrigated  land  would  not  have  substantial 
effects  on  soils. 

Municipal  requests  generally  would  have  minor 
adverse  effects  on  soils.  Soil  erosion  and  compaction 
would  occur  at  well  sites,  storage  tank  construction 
sites,  and  along  pipeline  routes.  Short-term  losses  in 
soil  productivity  would  occur  until  revegetation  sta- 
bilizes disturbed  areas. 

Soil  Impacts  Due  to  Pipeline 
Construction 

Pipeline  construction  can  reduce  agricultural 
production  by  compacting  soil  and  mixing  soil  layers. 
Mixing  topsoU  with  subsoil  reduces  organic  matter 
and  nutrients  available  to  plants,  increases  stonl- 
ness,  and  leaves  higher  concentrations  of  salts  near 
the  surface  (Mutrie  and  Wishart  1987).  Compaction 
crushes  the  structure  of  topsoll  and  reduces  poros- 
ity, creating  an  Impenetrable  layer  of  "hardpan." 

These  adverse  effects  can  be  minimized  with 
proper  procedures.  To  eliminate  mixing,  soil  could  be 
double-lifted  during  trenching.  With  this  technique. 
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the  topsoll  Is  excavated,  stored,  and  replaced  sepa- 
rate from  the  subsoil.  During  construction,  either 
the  entire  right-of-way  could  be  cleared  or  Just  one 
side,  including  the  trench  and  the  soil  storage  area. 
If  the  working  side  is  not  cleared,  deep  ripping  may 
still  be  necessary  to  correct  compaction  caused  by 
heavy  vehicle  traffic.  Retaining  stubble  and  plants 
will  also  help  prevent  compaction. 

Although  not  specifically  stated  in  the  applica- 
tions, it  is  assumed  that  the  pipelines  for  irrigation 


projects  will  be  burled  at  least  3  feet  deep  to  clear 
tillage  equipment  and  to  protect  them  firom  vandal- 
ism. Table  6-13  shows  miles  of  pipeline  greater  than 
17  inches  in  diameter  as  included  in  the  14  largest 
irrigation  projects.  Pipes  this  laige  constitute  any- 
where fi-om  6  to  ICK)  percent  of  the  total  pipeline 
length  In  each  of  these  projects.  The  project  requir- 
ing the  most  pipeline  (VAS- 1)  would  have  27.7  miles 
of  large-diameter  pipe  (greater  than  1 7  Inches) ,  which 
is  3 1  percent  of  the  total  90. 5  miles  of  pipe  needed  for 
the  project.  The  other  62.8  miles  would  be  8  to  17 


Table  6-13.  Soil  disturbance  due  to  pipeline  construction 


Alternative 

Subbasln/Dralnage 

Consumptive  Use 

instream 

Combination 

Project 

Miles 

Acres 

Miles 

Acres 

Miles 

Acres 

Headwaters 

Madison 

GA-201 

18.5 

223.6 

0 

0 

18.5 

223.6 

Jefferson 

JV-201 

02 

2.8 

0 

0 

0 

0 

JV-202 

1.6 

19.5 

0 

0 

0 

0 

BR-101 

15 

18.4 

0 

0 

1.5 

18.4 

Upper  Missouri 

Missouri  above  Holler 

BR- 104 

12 

14.7 

0 

0 

0 

0 

Sun 

^ 

CSS-200 

4^ 

59.2 

0 

0 

0 

0 

Marlas/Teton 

1 

Marias 

BSS-2 

26.7 

323.2 

0 

0 

0 

0 

Middle  Missouri 

Missouri  above  Fort  Peck 

CHS-6 

14.6 

176.8 

0 

0 

0 

0 

CHS-5 

0.7 

8.7 

0 

0 

0.7 

8.7 

CHS-3 

4.4 

53.7 

0 

0 

4.4 

53.7 

BUREC 

ND^ 

ND^ 

0 

0 

ND^ 

ND^ 

Judith 

FEI-50 

3.4 

41.5 

0 

0 

0 

0 

Musselshell 

LM-20 

15 

17.6 

0 

0 

0 

0 

Fort  Peck 

VAS-1 

27.7 

336.3 

27.7 

336.3 

27.7 

336.3 

TOTAL 

106.9 

1,296.0 

27.7 

336.3 

52.8 

640.7 

a  Application  contains  no  data  regarding  pipeline  length.  Disturbance  for  pipeline  construction  assumes  a  standard  100-foot  right-of-way.  Data 
compiled  for  14  largest  irrigation  projects. 
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Inches  In  diameter.  Soil  disturbance  for  these  smaller 
pipes  Is  not  shown  In  the  table.  The  acre  figures  In 
Table  6-13  assume  a  standard  100-foot  right-of-way 
width  during  construction. 

Erosion  on  streambanks  and  steep  slopes  also 
would  occur  from  pipeline  construction,  though  soil 
erosion  can  be  reduced  with  proper  drainage,  timely 
construction,  and  reclamation.  These  techniques 
are  commonly  used  In  pipeline  construction.  Proper 
drainage  can  be  ensured  by  Installing  cross-ditch 
and  berm  structures  and  subdralns.  Construction 
should  occur  during  periods  of  low  stream  flow  and 
when  soil  Is  dry  to  avoid  rutting  and  compaction. 
Recontouring  streambanks  and  slopes  to  their  origi- 
nal configuration  and  planting  native  plants  or  cover 
crop  species  will  decrease  erosion.  In  highly  erodible 
soils,  mulch  can  be  used  to  protect  the  soU  until 
vegetation  emerges. 

Soil  productivity  would  be  lost  on  land  converted 
to  canals  necessary  for  these  irrigation  projects. 
Canal  lengths  for  the  14  laigest  projects  are  shown  In 
Table  6-14. 

Impacts  of  the  Consumptive  use, 
instream,  and  combination 
Alternatives 

Gallatin  River  drainage 

Supplemental  irrigation  of  2, 164  acres  In  the 
Consumptive  Use  Alternative  and  1 ,424  acres  In  the 
Combination  Alternative  in  the  Gallatin  River  drain- 
age would  Increase  the  net  downward  mpvement  of 
soluble  salts  In  well  drained  soils.  However,  poor 
drainage  caused  by  a  high  water  table  would  not 
allow  adequate  leaching  in  projects  GA-140,  GA- 
124,  and  GA-130  in  the  Consumptive  Use  Alterna- 
tive, and  GA-143  in  both  the  Consumptive  Use  and 
Combination  alternatives.  As  a  result,  the  soluble 
salt  concentrations  of  the  soils  would  increase  over 
time,  and  productivity  would  be  damaged  unless 
artificial  drainage  systems  such  as  subsurface  tile  or 
drainage  ditches  are  installed. 

Bozeman's  requested  water  reservation  requires 
a  dam  that  would  Inundate  up  to  1 1 8  acres  on  Sour- 
dough Creek.  Productivity  of  soil  under  or  adjacent 
to  the  reservoir  would  be  Irretrievably  lost  because  of 
inundation  and  erosion  along  the  reservoir  shore- 
line. Soil  also  would  be  damaged  by  surface  distur- 
bance and  compaction  In  the  dam  construction  area. 
Construction  to  widen  the  existing  road  and  replace 
the  portion  flooded  by  the  reservoir  would  cause 
additional  soil  productivity  losses.  Further  soil  ero- 


Table  6-14.  Soil  disturbance  due  to  canal  construction 


AHemative 

Consumptive 

Combi- 

Subbasln/Drainage 

Use 

instream 

nation 

Project 

(miles) 

(miles) 

(miles) 

Headwaters 

Madison 

GA-201 

18 

0 

18.0 

Jefferson 

JV-201 

8.6 

0 

0 

JV-202 

72 

0 

0 

BR-101 

9.5 

0 

9.5 

Upper  Missouri 

Missouri  above  Holter 

BR-104 

18.0 

0 

0 

Sun 

CSS-200 

7.0 

0 

0 

Marias  Teton 

Marias 

BSS-7 

16.9 

0 

16.9 

Middle  Missouri 

Missouri  above  Fort  Peck 

CHS-6 

15.0 

CHS-5 

5.0 

5.0 

CHS-3 

7.0 

7.0 

BUREC 

46.0 

0 

46.0 

Judith 

FEI-50 

6.0 

0 

0 

Fort  Peck 

VAS-1 

32.0 

32.0 

32.0 

TOTAL 

796.2 

32.0 

134.4 

slon  and  compaction  would  result  If  recreational  fa- 
cilities are  constructed  to  improve  public  access  to 
the  reservoir.  Impacts  would  be  less  under  the  Com- 
bination Alternative  because  the  reservoir  would  be 
smaller. 

Madison  River  Drainage 

Pro)  ect  GA-20 1  is  included  in  both  the  Consump- 
tive Use  and  Combination  alternatives.  Seventy-five 
percent  of  the  project  acreage  would  be  converted 
from  dryland  cropping  to  sprinkler  irrigation,  reduc- 
ing wind  erosion  on  silt  loam  and  sandy  loam  soils 
that  are  susceptible  to  blowing. 

Project  GA-201  would  use  Madison  River  water 
with  high  concentrations  of  arsenic.  Arsenic  occurs 
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naturally  In  most  soils,  and  the  measiored  range  of 
arsenic  In  Montana  soils  Is  2- 12  ppm  (Williams  1940). 
The  movement  of  arsenic  throu^  the  soil  with  per- 
colating water  Is  limited  by  its  strong  tendency  to 
bind  with  Iron  and  aluminum  oxides,  clay  particles, 
organic  matter,  and  calcium  (Allna  and  Henryk 
1984).  Soils  receiving  large  applications  of  arsenic 
pesticides  show  little  evidence  of  arsenic  movement 
below  the  tillage  depth  (Williams  1940).  Arsenic 
concentrations  In  Madison  River  water  upstream 
from  the  proposed  diversion  point  range  from  41  to 
95  ppm  (Sonderegger  et  al.  1989).  Assuming  an 
average  concentration  of  65  ppm  In  the  Irrigation 
water  and  an  annual  irrigation  application  of  1.5 
acre-feet  per  acre,  the  annual  addition  of  arsenic  to 
the  surface  6  inches  of  soil  would  be  0. 13  ppm.  At 
this  rate  of  accumulation,  the  median  natural  con- 
centration of  7.0  ppm  reported  by  Williams  ( 1 940)  for 
Montana  soils  would  be  doubled  to  14  ppm  after  53 
years  of  irrigation.  To  reach  the  plant  toxicity  level  of 
70  ppm  reported  by  Allna  and  Henryk  ( 1984)  would 
take  470  years.  This  result  assumes  no  losses  of 
arsenic  through  deep  percolation,  surface  erosion,  or 
plant  uptake  and  harvest. 

An  investigation  by  Sonderegger  et  al.  (1989) 
showed  that  groundwater  in  the  lower  Madison  val- 
ley Is  contaminated  with  arsenic  concentrations 
as  high  as  130  \ig/L  from  Irrigation  with  Madison 
River  water.  This  finding  shows  that  some  arsenic  in 
irrigation  water  would  remain  in  the  water  and  be 
carried  off  In  return  flows  rather  than  accumulating 
In  soil. 

The  removal  of  arsenic  from  the  soil  as  described 
above  would  further  slow  the  accumulation  of  soil 
arsenic  to  toxic  levels.  Therefore,  no  short-term  ad- 
verse effects  to  soil  related  to  arsenic  would  result 
from  irrigation  with  Madison  River  water.  Several 
hundred  years  would  be  required  to  accumulate  toxic 
arsenic  levels  In  soil. 

Jefferson  and  Boulder  River  Drainages 

The  cultivation  of  annual  crops  on  converted 
rangeland  within  projects  JV-201  and  JV-203,  In- 
cluded in  the  Consumptive  Use  Alternative,  would 
expose  approximately  3,400  acres  of  sandy  loam- 
textured  soils  to  accelerated  wind  erosion.  Maxi- 
mum annual  losses  from  these  soils  In  fallow  condi- 
tion would  range  between  80  and  140  tons  per  acre. 
Crop  cover  and  surface  wetness  from  irrigation  would 
control  losses  to  some  degree.  Projects  JV-201,  JV- 
202,  and  BR- 101  Included  In  the  Consumptive  Use 


Alternative  would  Include  new  flood  Irrigation  on 
3,725  acres  and  sprinkler  Irrigation  on  8,690  acres. 
Water  erosion  losses  are  more  difficult  to  control  with 
flood  Irrigation  than  with  sprinklers.  The  potential 
eroslonal  losses  are  difficult  to  quantify  because  the 
boundaries  of  sprinkler  and  flood  irrigation  areas 
have  not  been  identified. 

Salinity  problems  would  be  aggravated  under 
the  Combination  and  Consumptive  Use  alternatives. 
Project  GA-102,  included  in  both  alternatives.  Is 
underlain  by  soil  that  is  somewhat  poorly  drained 
and  slightly  saline.  Without  artificial  drainage.  Irri- 
gation would  lengthen  the  duration  of  the  seasonal 
high  water  table  and  increase  the  soluble  salt  con- 
tent of  the  soil.  One  of  the  seven  parcels  comprising 
project  JV-95 ,  Included  only  in  the  Consumptive  Use 
Alternative,  Is  underlain  by  a  saline  soil.  Irrigation  of 
this  parcel  would  result  in  further  waterlogging  and 
salt  accumulation.  In  the  Consumptive  Use  Alterna- 
tive, the  area  of  shallow  water  table  and  associated 
saline  soils  adjacent  to  the  Jefferson  River  floodplaln 
within  project  JV-203  would  expand  because  leach- 
ing from  irrigation  would  Increase  groundwater  In 
shallow  water  tables.  Soil  salinity  would  Increase 
unless  artificial  drainage  is  Installed.  Three  of  the 
five  parcels  comprising  project  JV-204,  Included  only 
In  the  Consumptive  Use  Alternative,  are  poorly 
drained  and  have  saline  soils.  Saline  and  water- 
logged conditions  would  worsen  with  irrigation  un- 
less the  peircels  are  artlflcialfy  drained. 

With  conversion  of  pasture/rangeland  to  irri- 
gated cropland,  the  annual  wind  erosion  rates  could 
be  80-90  tons  per  acre  on  the  sandy  loam  soils  of 
project  JV-63  until  crop  cover  is  established. 

Big  Hole,  Beaverhead,  Ruby,  and 
RED  Rock  River  Drainages 

No  adverse  effects  on  soils  would  result  from 
reservations  in  these  drainages. 

Missouri  River  Drainage  - 
Three  Forks  to  holter  dam 

Approximately  500  acres  of  rangeland  in  project 
BR- 103  would  be  fiood-  irrigated  under  the  three 
alternatives.  Over  50  percent  of  the  project  Is  under- 
lain by  soil  that  holds  less  than  3  Inches  of  water 
available  to  plants  and  has  rapid  permeability  (6-20 
Inches  per  hour).  The  frequent  flooding  that  would 
be  required  on  this  area  would  degrade  soil  quality  by 
removing  silt  and  sand-sized  particles  and  increas- 
ing the  proportion  of  surface  gravel  and  cobbles. 
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Excessive  movement  of  water  through  the  soil  would 
be  difficult  to  control. 

A  report  by  Pardee  (1925)  described  expanding 
areas  of  shallow  groundwater  with  the  onset  of  irriga- 
tion in  the  Townsend  valley.  Lorenz  and  McMurtrey 
(1956)  reported  that  groundwater  recharge  from  irri- 
gation on  coarse-textured  alluvial  benches  in  the 
Townsend  valley  caused  elevated  water  tables  and 
extensive  soil  waterlogging.  Soil  waterlogging  may 
occur  along  the  lower  portion  of  project  BR- 103  im- 
der  all  three  alternatives  if  water  percolation  below 
the  root  zone  is  not  carefully  controlled. 

Problems  with  salinity  and  excessive  sodium  oc- 
cur within  projects  BR-34  and  BR- 104  which  are 
included  only  In  the  Consumptive  Use  Alternative. 
Irrigation  of  slowly  permeable  sodlc  soils  covering 
60  percent  of  BR-34  would  increase  surface  evapora- 
tion and  salt  accumulation.  Sodlc  soils  would  re- 
strict water  infiltration  and  drainage.  Similar  prob- 
lems would  occur  on  700  acres  in  project  BR- 104, 
where  the  soil  Is  poorly  drained  and  would  not  allow 
leaching. 

Missouri  River  Drainage  - 
HoLTER  Dam  to  Belt  creek  Drainage 

Environmental  effects  in  this  drainage  would  be 
typical  of  those  associated  with  converting  rangeland 
and  diy  cropland  to  irrigated  agricialture  as  discussed 
in  the  general  Impacts  and  concerns  section. 

Dearborn  River  Drainage 

A  single  irrigation  project  in  this  drainage  would 
convert:  173  acres  of  rangeland  to  irrigated  land  im- 
der  the  Consumptive  Use  and  Combination  alterna- 
tives. Surface  runoff  and  erosion  would  accelerate 
on  a  portion  of  the  project  that  has  8-15  percent 
slopes.  Surface  salts  have  accumulated  around  the 
perimeter  of  a  small  depression  north  of  the  project. 
The  saline  area  would  expand  if  runoff  or  percolating 
irrigation  water  from  the  project  discharges  to  the 
area  and  evaporates.  The  project  is  not  included  in 
the  Instream  Alternative  so  these  stated  effects  would 
not  occur  in  this  alternative. 

Smith  River  Drainage 

Project  MEI-l  1.  included  only  in  the  Consump- 
tive Use  Alternative,  contains  areas  of  slightly  saline 
subsoils.  Adequate  leaching  would  be  required  to 
prevent  fiarther  salt  accumulation.  Projects  CSI- 1 1 1 
and  CSI- 120.  as  included  In  the  Consumptive  Use 


and  Combination  alternatives,  are  in  dry  cropland 
and  have  sandy  loam  soils  that  are  susceptible  to 
wind  erosion.  These  soils  would  gain  notable  ben- 
efits when  they  are  converted  to  irrigated  alfalfa.  On 
the  other  hand,  the  sandy  loam  soil  within  project 
CS-251,  included  in  all  three  alternatives,  would  be 
seriously  affected  by  wind  erosion  imtil  crop  cover  is 
established  on  rangeland  converted  to  irrigation. 

Sun  River  Drainage 

Approximately  6.300  acres  would  be  converted 
from  diyland  farming  to  irrigation  in  the  Sun  River 
drainage  under  the  Consumptive  Use  Alternative. 
Eighty  percent  of  this  acreage  is  wlthtn  project  CSS- 
200.  Small  areas  of  saline  soils  and  saline  seep  are 
Included  the  project.  Alfalfa  production  could  re- 
duce saline  seeps  by  preventing  deep  percolation  of 
water.  Saline  seep  areas  would  expand  if  irrigation  is 
not  controlled  to  prevent  excess  percolation  below 
the  root  zone. 

Increased  erosion  would  occur  after  native  sod  Is 
removed  from  8-10  percent  slopes  along  the  north- 
em  edge  of  project  CS-471,  Included  in  the  Con- 
sumptive Use  Alternative. 

Belt  Creek  Drainage 

Project  CHS- 1 ,  included  in  the  Consumptive  Use 
Alternative,  contains  1 ,343  acres.  Soils  on  the  project 
are  fine-textured  clay  loams  and  silty  clay  loams  that 
can  restrict  drainage.  Poor  subsoil  drainage  would 
lead  to  soil  waterlogging  and  salt  accumulation 
within  a  few  years.  Deep  drainage  characteristics 
within  project  CHS-1  should  be  further  investigated 
prior  to  development.  Artificial  drainage  may  be 
required  to  prevent  soil  waterlogging. 

Marias  River  Drainage 

Over  90  percent  of  the  acreage  that  would  be 
irrigated  under  the  Consumptive  Use  Alternative  in 
this  drainage  is  within  project  BSS-2.  The  soils  in 
BSS-2  are  predominantly  sandy  loams  overl37lng  clay- 
textured  glacial  till.  Small  areas  of  saline  soil  occur 
within  the  project,  indicating  restricted  drainage. 
BUREC  (1949)  anticipated  the  possibility  of  restricted 
drainage  in  the  area  and  recommended  that  any 
irrigation  development  should  be  accompanied  by 
artificial  drainage.  The  saline  soil  areas  will  expand 
with  irrigation  If  restricted  drainage  causes  a  rising 
water  table.  Increased  plant  cover  would  be  Impor- 
tant for  conserving  the  sandy  soils  that  are  suscep- 
tible to  wind  erosion  on  project  BSS-2. 
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Minor  saline  seep  areas  occur  adjacent  to  projects 
GI^  1 1  and  GL-22 1 .  Included  In  all  three  alternatives, 
and  near  PO-411  Included  In  both  the  Consumptive 
Use  and  Combination  alternatives.  Irrigation  water 
would  have  to  be  applied  within  the  limits  of  soil 
moisture  storage  capacity  to  meet  leaching  require- 
ments and  to  prevent  expansion  of  the  seeps. 

A  storage  reservoir  Is  proposed  for  project  PO-9 1 . 
which  Is  Included  In  the  Consumptive  Use  Alterna- 
tive. Soil  productivity  would  be  permanently  lost  on 
35  acres  flooded  by  the  reservoir. 

The  Marias  River  bank  is  stabilized  by  woody 
vegetation  along  most  of  the  perimeter  of  project  TO- 
22 1 ,  which  Is  included  In  all  three  alternatives.  Re- 
moval of  this  vegetation  would  allow  streambank 
erosion  to  gradually  reduce  the  size  of  the  field. 

Nine  of  the  projects  In  the  Consumptive  Use  Al- 
ternative, seven  In  the  Combination,  and  two  In  the 
Instream  are  designed  with  pipelines  crossing  steep 
terrain  between  the  Marias  River  floodplain  and  up- 
land benches.  The  slope  gradients  along  these  pipe- 
lines range  from  25  to  45  percent.  Surface  runoff 
and  erosion  would  increase  In  these  areas  as  a  result 
of  vegetation  removal  and  compaction  caused  by 
construction  equipment. 

Municipal  requests  have  been  submitted  by  the 
cities  of  Chester,  Conrad,  Cut  Bank,  and  Shelby  in 
the  Marias  River  drainage.  Minor  adverse  efiects  of 
soil  compaction  and  erosion  would  result  from  well 
development  and  pipeline  construction  proposed  by 
Chester,  Conrad,  and  Shelby.  Soil  productivity  would 
be  permanently  lost  on  approximately  108  acres  In- 
undated by  the  reservoir  proposed  under  the  Cut 
Bank  ofl"-stream  storage  proposal.  The  proposed 
3,8C)0-foot  pipeline  from  Cut  Bank  Creek  to  the  res- 
ervoir would  cross  slopes  with  gradients  from  15  to 
60  percent.  Soil  compaction  and  accelerated  erosion 
would  occur  until  the  area  is  stabilized  by  reclamation. 

Teton  river  drainage 

Five  storage  projects  are  proposed  In  the  Teton 
River  drainage.  Soil  productivity  would  be  perma- 
nently lost  with  the  combined  flooding  of  approxi- 
mately 240  acres  by  reservoirs  within  project  CH- 
641,  Included  In  all  three  alternatives,  and  projects 
TE-361,  TE-401.  and  TE-581,  which  are  Included 
only  In  the  Consumptive  Use  Alternative.  The  largest 
reservoir,  project  TE-591,  Is  included  In  all  three 
alternatives  and  would  flood  150  acres. 


Missouri  River  drainage  - 
Belt  Creek  to  Fort  Peck  Reservoir 

The  soils  within  three  large  projects— CHS-3. 
CHS-5,  and  CHS-6 — are  predominantly  clays,  clay 
loams,  and  sllty  clay  loams.  Sahd-textured  soils 
underlain  by  fine-textured  till  also  ai^  extensive. 
Although  the  soils  are  described  as  well  drained, 
poor  subsoil  drainage  through  till  with  poor  perme- 
ability may  lead  to  soU  waterlogging  and  salt  accu- 
mulation within  a  few  years.  Deep  drainage  charac- 
teristics within  these  projects  should  be  Investigated 
before  development.  All  three  of  these  projects  are  In 
the  Consumptive  Use  Alternative,  and  CH-3  and  CH- 
5  also  are  In  the  Combination  Alternative. 

Approximately  1  mile  of  road  construction  would 
be  required  for  development  of  project  FEI-20,  which 
is  included  only  in  the  Consumptive  Use  Alternative. 
Construction  would  occur  on  steep  terrain  with  shal- 
low soils  and  bedrock  outcrops  of  sandstone  and 
shale.  Soil  productivity  would  be  lost  within  the  road 
right-of-way  and  erosion  would  accelerate  during 
and  after  construction. 

Judith  river  drainage 

Storage  reservoirs  are  proposed  for  projects  FE- 
2,  FE-81,  FE-141.  and  FE-161,  which  are  Included 
In  the  Consumptive  Use  Alternative.  Soil  productiv- 
ity would  be  permanently  lost  on  approximately  100 
acres  inundated  by  the  four  reservoirs.  Less  soil 
would  be  lost  under  the  Instream  Alternative,  which 
contains  only  one  project,  FE- 14 1  (20  acres),  and  the 
Combination  Alternative,  which  contains  two  stor- 
age projects,  FE-141  and  FE-161  (32  acres).  Ap- 
proximately 5,400  feet  of  canal  are  proposed  for 
project  FE-161.  Soil  compaction  and  erosion  would 
occur  under  the  Consumptive  Use  and  Combination 
alternatives  during  canal  construction. 

FORT  PECK  reservoir 

The  soils  within  project  VAS-1.  a  25,020-acre 
project  included  in  all  three  alternatives,  are  pre- 
dominantly loams  and  clay  loams  developed  fi-om 
fine-textured  glacial  till  or  alluvium.  The  soils  are 
described  as  well  drained,  but  deep  drainage  through 
sediments  with  poor  permeability  may  be  restricted 
and  lead  to  soil  waterlogging  and  salt  acciomulatlon 
with  irrigation.  Deep  drainage  characteristics  should 
be  investigated  prior  to  development. 

Milk  River  drainage 

Under  the  Consumptive  Use  and  Combination 
alternatives.  BUREC  would  provide  supplemental 
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water  to  47.000  acres  of  presently  Irrigated  land,  and 
6,600  acres  of  cropland  would  be  developed  for  new 
Irrigation.  Slte-speclflc  effects  on  soils  In  this  drain- 
age are  tinknown  because  specific  land  locations  are 
not  Included  In  BUREC's  application.  Construction 
of  the  diversion  canal  for  the  project  would  disturb 
soils,  and  seepage  from  the  canal  could  create  saline 
seeps.  These  Impacts  would  need  to  be  adequatety 
assessed  before  project  construction  begins. 

Stream  Channel  Form 

BLM  has  requested  minimum  flows  for  habitat 
protection  and  bankfull  flows  for  channel  mainte- 
nance on  31  streams  in  the  Headwaters  Subbasin. 
Also,  DFWP  has  requested  higher  spring  flows  along 
with  minimum  flows  on  Wegner,  Stlckney,  Big  Dry 
and  Little  Dry  creeks,  and  the  middle  portions  of  the 
Missouri  River.  Under  all  three  alternatives,  protect- 
ing these  flows  would  help  maintain  the  existing 
channel  characteristics  of  these  streams. 

For  most  basin  streams,  the  proposed  consump- 
tive use  reservations  would  cause  little  or  no  reduc- 
tion to  spring  runoff  flows  which  are  important  in 
maintaining  charmel  form.  An  exception  would  be 
the  Bozeman  request  to  construct  a  reservoir  on 
Sourdough  Creek.  This  project,  which  is  Included  In 
all  alternatives,  would  store  high  spring  flows, 
thereby  reducing  peak  flows  below  the  dam.  Sedi- 
ment also  could  be  deposited  in  the  stream  charmel 
below  the  dam  during  construction,  especially  If 
proper  erosion  control  measures  are  not  taken. 
Deposition  of  sediments  during  construction  in  con- 
junction with  reduced  spring  flows  could  lead  to  a 
narrowing  of  the  stream  charmel  as  riparian  vegeta- 
tion becomes  established  within  it. 

Also,  reduced  summer  flows  under  the  Con- 
sumptive Use  and  Combination  alternatives  would 
leave  portions  of  some  stream  channels  dry.  This 
would  be  especially  true  on  the  Jefferson  River  and 
on  other  streams  as  discussed  in  the  water  quantity 
and  distribution  section.  In  such  instances,  vegeta- 
tion may  become  established  during  the  summer  in 
the  dry  portions  of  these  charmels.  These  plants 
would  trap  sediments  when  flows  are  higher  which 
could  lead  to  an  eventual  reduction  in  stream  chan- 
nel size.  When  a  stream  charmel  becomes  smaller, 
its  ability  to  convey  water  Is  reduced  and  the  fre- 
quency of  flooding  can  increase.  These  impacts  would 
be  greatest  under  the  Consumptive  Use  Alternative 
and  least  under  the  Instream  Alternative. 


LAND  USE 

GENERAL  IMPACTS  AND  CONSIDERATIONS 

Land  use  would  change  when  nonlrrigated  crop- 
land, pastures,  or  rangelands  are  converted  to  irri- 
gated cropland.  Some  projects  would  require  land  to 
be  cleared  and  leveled.  Most  projects  would  require 
construction  of  a  water  distribution  ^rstem.  Includ- 
ing canals,  pipelines  or  both. 

Construction  of  pipelines,  canals,  and  electric 
lines  for  irrigation  projects  also  may  alter  land  uses 
on  land  that  would  not  benefit  from  new  irrigation. 
This  activity  could  cause  short-term  Impacts  from 
noise,  trafilc,  and  dust.  Tables  6-13  and  6-14  indi- 
cate the  length  of  pipelines  and  canals  on  projects 
greater  than  2,500  acres. 

Most  electric  lines  proposed  for  irrigation  projects 
would  have  low  Impacts  if  located  on  a  single  owner's 
property  and  sited  within  an  existing  road  corridor, 
utility  corridor,  or  fence  line.  Impacts  also  would  be 
low  tf  lines  were  located  to  avoid  cultivated  land, 
easily  reached  from  existing  roads,  and  built  so  con- 
struction disturbance  was  low  and  away  from  resi- 
dences, commercial  areas,  and  recreation  sites. 

Impacts  could  be  higher  where  electric  lines  are 
5  miles  or  longer,  and  for  large  capacity  lines  (requir- 
ing upgrading/ reconstruction  of  local  supply  lines). 
Longer  lines  could  cross  land  where  they  would  con- 
flict with  existing  or  future  land  uses  such  as  parks, 
recreation  areas,  tribal  lands,  residential/commer- 
cial areas,  mechanically  irrigated  fields,  orchards, 
mines,  or  areas  managed  to  protect  water,  wildlife,  or 
visual  resources. 

Additional  information  on  the  location  of  pro- 
posed electric  lines  for  irrigation  projects  would  be 
required  to  fully  assess  land  use  impacts.  Table  6-15 
lists  projects  with  associated  electric  lines  5  or  more 
miles  long  that  have  potential  to  cause  land  use 
impacts.  These  impacts  might  be  reduced  or  avoided 
altogether  through  proper  line  siting. 

Most  of  the  proposed  development  projects  are 
smaller  than  500  acres  and  would  have  little  effect  on 
local  transportation,  with  only  short-term  increases 
in  traffic  during  time  of  construction.  On  large 
projects,  construction  of  pipelines  or  canals  may 
cause  short-term  transportation  delays.  In  some 
locations,  low  standard  roads  may  have  to  be  re- 
routed or  abandoned.    Projects  of  2,500  or  more 
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Table  6-15.  Projects  requiring  electric  lines  5  or  more 
miles  In  length 

Electric  line  length  (miles) 
Consumptive  Combi- 

Use  Instream       nation 

Project  Alternative     Alternative  Alternative 


Headwaters  Subbasin 

GA-201 

80.0 

— 

80.0 

JV-95 

5.0 

— 

— 

Headwaters  Subtotal 

85.0 

0.0 

80.0 

Upper  Missouri  Subbasin 

KBR-104 

8.1 

— 

— 

CS-21 

10.0 

— 

— 

CSS-200 

10.0 

— 

— 

CHS-1 

10.0 

— 

— 

LCI-20 

5.8 

— 

5.8 

TEI-80 

5.0 

— 

— 

TEI-90 

5.0 

— 

— 

TEI-100 

5.0 

— 

— 

Upper  Missouri  Subtotal 

58.1 

0.0 

5.0 

Marlas/Teton  Subbasin 

BSS-2 

16.9 

— 

— 

CH-381 

5.0 

— 

— 

CH-641 

5.0 

5.0 

5.0 

CHI-51 

5.0 

5.0 

5.0 

CHI-52 

5.0 

— 

5.0 

CHI-53 

5.0 

5.0 

5.0 

CHI-61 

5.0 

— 

— 

CHi-72 

5.0 

— 

— 

CHi-74 

5.0 

— 

— 

CHI-80 

5.0 

— 

— 

Hi-269 

5.0 

— 

5.0 

POI-10 

10.0 

— 

10.0 

TEI-10 

5.0 

— 

— 

TEI-20 

5.0 

— 

— 

TEI-30 

5.0 

— 

— 

TEI-60 

5.0 

— 

— 

TEI-70 

5.0 

— 

— 

Marias-Teton  Subtotal 

101.9 

15.0 

40.0 

Middle  Missouri  Subbasin 

BUREC 

11.0 

— 

11.0 

CH-201 

10.0 

10.0 

10.0 

CH-211 

10.0 

— 

10.0 

CH-541 

5.0 

— 

5.0 

CHi-40 

5.0 

5.0 

5.0 

CHS-3 

40.0 

— 

40.0 

CHS-5 

40.0 

— 

40.0 

CHS-6 

40.0 

— 

— 

FE-81 

5.0 

— 

— 

FEI-20 

10.0 

— 

— 

FEI-50 

10.0 

— 

— 

JBI-2 

5.0 

— 

— 

VAS-1 

10.0 

10.0 

10.0 

Middle  Missouri  Subtotal 

201.0 

25.0 

131.0 

TOTAL  Mil  FS 

446.0 

40.0 

256.0 

acres  wotild  cause  a  small  increase  In  the  existing 
level  of  traffic  on  local  and  county  roads  during  trans- 
port of  hay  or  other  agricultuicd  products  over  the 
long  term. 

The  conservation  districts  have  indicated  that 
alfalfa  is  the  crop  most  likely  to  be  irrigated  with 
reserved  water.  This  is  because  alfalfa  is  considered 
a  highly  profitable  crop  for  repaying  irrigation  invest- 
ments. Alfalfa  j^elds  from  Irrigated  land  (described 
In  Chapter  Four  -  Land  Use)  are  expected  to  continue 
increasing,  going  from  the  present  average  3.0  tons 
per  acre  to  3.9  tons  per  acre  by  the  year  2020  (Figure 
6-21),  resulting  in  a  31  percent  increase  in  alfalfa 
production  paer  acre.  Virtually  all  alfalfa  is  used  for 
livestock  feed.  Montana  cattle  numbers  are  pro- 
jected to  remain  stable  (or  decline  slightly) ,  while  beef 
production  efficiency  is  expected  to  increase  (USDA 
1989).  reducing  the  demand  for  alfalfa.  Existing  al- 
falfa acreage  with  high  production  costs  may  go  out 
of  production  if  less  expensive  production  occurs 
elsewhere  as  a  result  of  water  reservations. 

Municipal  water  reservations  generally  would 
require  development  of  a  water  source  (well  or  water 
intake  structure)  and  a  pipeline  to  the  municipal 
water  treatment  facility.  In  most  cases,  these  devel- 
opments Involve  short-term  construction  activities, 
with  the  bulk  of  the  affected  land  returning  to  former 
uses.  The  exception  would  be  the  City  of  Bozeman's 
proposed  reservoir  on  Sourdough  Creek  south  of 
Bozeman.  This  project  would  change  land  uses  in 
the  Gallatin  National  Forest  and  on  other  private  and 
municipal  land,  inundating  up  to  1 18  acres.  Devel- 
opment of  municipal  reservations  also  could  involve 
modifications  or  construction  of  electric  lines  Just 
south  of  Bozeman. 

Instream  flows  generally  have  little  direct  effect 
on  land  use.  On  some  streams.  Instream  reserva- 
tions may  constrain  future  irrigation  development. 

Impacts  of  the  Consumptive  Use, 
Instream,  and  Combination 
alternatives 

HEADWATERS  SUBBASIN 

Under  the  Consumptive  Use  Alternative,  approxi- 
mately 26,200  acres  of  land  would  be  irrigated  with 
reserved  water,  increasing  irrigated  acreage  in  the 
subbasin  by  7  percent.  These  projects  would  in- 
crease total  irrigated  alfalfa  acreage  by  about  16.000 
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Figure  6-21.  Irrigated  alfaifa  yield  trefids  and  projections  in  Missouri  River  basin  counties 
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acres,  or  10  percent,  by  the  year  2020.  Most  of  this 
land  presently  is  unlrrlgated  cropland,  pasture,  or 
rangeland  fTable  6-16).  Of  these  26,200  acres,  13 
percent  are  alreacfy  irrigated  when  water  is  available. 

In  the  Combination  Alternative,  approximately 
13, 100  acres  would  be  irrigated  with  reserved  water, 
increasing  subbasin  irrigated  acreage  4  percent. 
About  4.500  acres  of  this  land  probably  would  be  planted 
to  alfalfa,  which  would  increase  irrigated  alfalfa  acreage 
in  the  subbasin  by  3  percent  in  the  year  2020.  The 
remainder  would  be  in  potatoes  and  small  grains.  Over 
half  of  the  land  included  in  the  Combination  Alternative 
is  currently  in  cultivation,  and  about  one-quarter  Is 
irrigated  when  water  is  available. 

Under  the  Instream  Alternative,  no  additional  land 
would  be  irrigated  with  reserved  water  in  this  subbasin. 

Gallatin  River  drainage 

Most  Irrigation  projects  included  under  the  Con- 
sumptive Use  and  Combination  alternatives  in  the 
Gallatin  drainage  would  be  smaller  than  500  acres, 
and  would  supplement  existing  irrigation  with  water 
from  on-site  wells.  Because  of  this,  overall  land  use 
Impacts  would  be  veiy  small.  Some  project  land  has 
already  been  converted  to  residential  uses  or  may  be 
planned  for  such  use.  The  following  sites  have  resi- 
dential developments  located  on  at  least  part  of  the 
project  which  would  preclude  development  of  the 
projects  as  proposed:  GA-40,  GA-41.  GA-44.  GA-46, 


Table  6-16.  Present  land  uses  on  areas  where 
reservations  for  Irrigation  are  proposed  in  the 
Headwaters  Subbasin 

Alternative 


Drainage 


Consumptive  Combi- 

Use        Instream    nation 


Gallatin 

cropped  (acres)  2,164  0  1,424 

pasture/range  (acres)  354  0  330 

total  acreage  2,518  0  1.754 

total  number  of  projects  16  0  11 

Madison 

cropped  (acres)  5,900  0  5,900 

pasture/range  (acres)  1 ,990  0  1 ,990 

total  acreage  7,890  0  7,890 

total  number  of  projects  10  1 

Jefferson/Boulder 

cropped  (acres)  5,320  0  1 ,740 

pasture/range  (acres)  10,445  0  1,775 

total  acreage  15,765  0  3,515 

total  number  of  projects  15  0  4 

Big  Hole,  Ruby,  Beaverhead  and  Red  Rock 

cropped  (acres)  0  0  0 

pasture/range  (acres)  0  0  0 

total  acreage  0  0  0 

total  number  of  projects  0  0  0 

Headwaters  Subbasin  Totals 

cropped  (acres)  13,384  0  9,064 

pasture/range  (acres)  12,789  0  4,095 

total  acreage  26,173  0  13,159 

total  number  of  projects  32  0  16 
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GA-79.  GA-110.  GA-124.  GA-130.  and  GA-151  irn- 
der  the  Consumptive  Use  Alternative,  and  sites  GA- 
44,  GA-46,  GA-79,  and  GA-151  under  the  Combina- 
tion Alternative.  These  Irrigation  projects  are  near 
Bozeman  and  in  an  area  where  substantial  residen- 
tial growth  Is  expected.  It  Is  likely  that  a  number  of 
proposed  Irrigation  sites  will  be  converted  to  residen- 
tial subdivisions  before  the  projects  are  developed. 

Madison  River  Drainage 

The  Consumptive  Use  and  Combination  alterna- 
tives would  have  the  same  Impacts  In  this  drainage. 
Sixty-four  large  center  pivot  sprinklers  on  project 
GA-201  would  be  used  to  Irrigate  7,890  acres  of 
potatoes  and  mixed  grains.  If,  as  proposed,  one- 
sixth  of  this  acreage  were  planted  to  potatoes  each 
year,  the  current  potato  acreage  In  the  subbasin 
would  Increase  28  percent  from  3.400  acres  to  4,700 
acres  (MTAgrlc.  Stats.  1989).  The  addition  of  1,300 
acres  of  potatoes  would  Increase  Montana's  current 
potato  acreage  of  7,800  by  17  percent.  The  project 
would  require  construction  of  large  facilities — pump- 
ing stations,  pipelines  up  to  60  inches  In  diameter, 
and  electric  lines — off  the  project  owners'  land.  The 
proposed  pipeline  would  cross  existing  Irrigation 
ditches  and  roads. 

JEFFERSON  AND  BOULDER  RiVER  DRAINAGES 

Under  the  Consumptive  Use  Alternative,  nearly 
all  new  acreage  would  be  In  four  large  Irrigation 
projects:  BR-101,  JV-201,JV-202,andJV-203.  JV- 
202  encompasses  several  rural  residence  develop- 
ments that  could  preclude  some  irrigation  and  pos- 
sibly conflict  with  construction  of  the  proposed  Irri- 
gation canal.  Project  JV-203  includes  a  highway,  a 
railroad,  and  steep  topography  that  would  make 
project  construction  and  operation  difficult. 

In  the  Boulder  River  drainage,  480  acres  of  mixed 
cultivated  and  pasture  land  would  be  irrigated  under 
the  Consumptive  Use  Alternative,  but  not  under  the 
Instream  or  Combination  alternatives. 

Upper  Missouri  Subbasin 

Impacts  would  be  greatest  under  the  Consump- 
tive Use  Alternative  where  about  26,300  acres  would 
be  Irrigated  with  reserved  water,  increasing  Irrigated 
acreage  In  the  Upper  Missouri  Subbasin  by  19  per- 
cent. Slightly  less  than  two-thirds  of  this  land  (62 
percent)  Is  presently  in  cropland  (Table  6-17).  At 
present,  800  acres  are  Irrigated  and  1,000  acres  are 
sublrrigated.  Alfalfa  acreage  would  increase  by  about 
23,000  acres,  or  38  percent,  by  the  year  2020. 


Table  6-17.  Present  land  uses  on  areas  where 
reservations  for  Irrigation  are  proposed  In  the  Upper 
Missouri  Sublsasin 


ALTERNATIVE 

Consumptive 

Combi- 

Drainage 

Use 

Instream 

nation 

Missouri-Three  Forks  to  Holier 

cropped  (acres) 

5,600 

2,475 

2,410 

pasture/range  (acres) 

6,339 

1.389 

1,414 

total  acreage 

11,939 

3,864 

3,824 

total  number  of  projects 

23 

19 

18 

Missouri-Holter  Dam  to  Bert  Creek 

cropped  (acres) 

1.642 

1,413 

1.642 

pasture/range  (acres) 

734 

590 

704 

total  acreage 

2.376 

2,003 

2.346 

total  number  of  projects 

22 

16 

21 

Dearborn 

cropped  (acres) 

0 

0 

0 

pasture/range  (acres) 

173 

0 

173 

total  acreage 

173 

0 

173 

total  number  of  projects 

1 

0 

1 

Smith 

cropped  (acres) 

1.382 

551 

694 

pasture/range  (acres) 

690 

152 

253 

total  acreage 

2.072 

703 

947 

total  number  of  projects 

15 

6 

12 

Sun 

cropped  (acres) 

6.436 

831 

1.225 

pasture/range  (acres) 

1,325 

76 

584 

total  acreage 

7.761 

907 

1,809 

total  number  of  projects 

24 

'5 

8 

Belt 

cropped  (acres) 

1,366 

125 

303 

pasture/range  (acres) 

603 

140 

323 

total  acreage 

1,969 

265 

626 

total  number  of  projects 

7 

2 

6 

Upper  Missouri  Subbasin  totals 

cropped  (acres) 

16,426 

5,395 

6,274 

pasture/range  (acres) 

9,864 

2,347 

3,451 

total  acreage 

26,290 

7,742 

9.725 

total  number  of  projects 

92 

48 

66 

Under  the  Combination  Alternative,  about  9,700 
acres  would  be  irrigated,  increasing  subbasin  irriga- 
tion 7  percent.  This  alternative  would  allow  Irriga- 
tion of  8,300  acres  of  alfalfa.  Increasing  alfalfa  acre- 
age 14  percent  by  the  year  2020.  Almost  two-thirds 
(64  percent)  of  this  land  Is  currently  cropland  (Table 
6-17),  and  a  small  portion  (18  percent)  Is  irrigated  or 
sublrrigated. 

Under  the  Instream  Alternative,  reservations  In 
this  subbasin  would  have  slightly  less  Impact  on 
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land  use  than  the  other  two  alternatives.  About 
7,700  acres  would  receive,  water  for  Irrigation,  In- 
creasing subbasln  Irrigated  acreage  by  6  percent. 
Two-thirds  of  this  land  currently  Is  cropland  (Table 
6-17),  and  small  portions  are  Irrigated  (785  acres)  or 
sublrrigated  (718  acres).  Upper  Missouri  Subbasln 
Irrigated  alfalfa  acreage  would  Increase  1 1  percent 
by  the  year  2020. 

Under  the  Consumptive  Use  Alternative,  the  two 
largest  projects— BR- 104  (6.095  acres)  and  BR- 103 
( 1 ,700  acres)— would  Irrigate  land  on  the  east  side  of 
Car^n  Ferry  Reservoir.  This  land  has  substantial 
subdivision  development  and  road  networks  that 
would  hinder  project  development. 

Under  all  three  alternatives,  BR- 108,  also  on 
east  shore  of  Canyon  Ferry  Reservoir,  would  require 
relocation  of  the  electric  distribution  line  to  a  nearby 
marina  complex.  CSI- 102  overlaps  a  state  recreation 
site  near  the  confluence  of  the  Smith  and  Missouri 
rivers  (see  Recreation)  under  all  three  alternatives. 

marias/Teton  subbasin 

Under  the  Consumptive  Use  Alternative,  approxi- 
mately 35,600  acres  In  the  Marias/Teton  Subbasln 
would  be  Irrigated  with  reservation  water.  Increasing 
Irrigated  acreage  In  the  subbasln  by  1 9  percent.  Total 
subbasln  acres  of  Irrigated  alfalfa  would  Increase  by 
about  33,500  acres  by  the  year  2020.  Most  of  this 
land  is  currently  cropland  and  pasture  (Table  6-18). 
A  small  portion  of  this  land  (12  percent)  Is  alreacfy 
Irrigated  when  water  Is  available. 

Under  the  Combination  Alternative,  the  number 
of  acres  served  with  reserved  water  would  be  30 
percent  of  the  acreage  Irrigated  under  the  Consump- 
tive Use  Alternative.  Approximately  10,600  acres 
would  be  Irrigated,  increasing  subbasln  acreage  by  6 
percent.  Total  Irrigated  alfalfa  acreage  would  Increase 
approximately  9, 100  acres  by  the  year  2020.  Over  84 
percent  of  this  land  is  currently  In  cropland  uses 
(Table  6-18),  and  2 1  percent  Is  Irrigated  when  water 
Is  available. 

Under  the  Instream  Alternative,  the  number  of 
acres  Irrigated  with  reserved  water  would  be  12  per- 
cent of  the  acreage  Irrigated  under  the  Consvimptlve 
Use  Alternative.  Ten  proposed  Irrigation  projects 
would  serve  4,386  acres.  This  would  Increase 
Marias/Teton  Subbasln  irrigated  acreage  by  2  per- 
cent. Total  subbasln  Irrigated  alfalfa  acreage  would 
Increase  by  approximately  3,800  acres  (7  percent) 


Table  6-18.  Present  land  uses  on  areas  where 
reservations  for  Irrigation  are  proposed  In  the  Marias/ 
Teton  Subbasin 


ALTERNATIVE 

Consumptive 

Combi- 

Drainage 

Use 

Instream 

nation 

Marias 

cropped  (acres) 

26.299 

1,365 

6,160 

pasture/range  (acres) 

825 

223 

1,635 

total  acreage 

28,124 

1.588 

7,795 

total  number  of  projects 

29 

6 

24 

Teton 

cropped  (acres) 

6,093 

2.778 

2.778 

pasture/range  (acres) 

1,363 

20 

20 

total  acreage 

7,456 

2.798 

2,798 

total  number  of  projects 

23 

4 

4 

Marias/Teton  Subbasln  Totals 

cropped  (acres) 

32.392 

4.143 

8.938 

pasture/range  (acres) 

3,188 

243 

1,655 

total  acreage 

35,580 

4,386 

10,593 

total  number  of  projects 

52 

10 

28 

by  the  year  2020.  Virtually  all  of  this  land  is  cur- 
rently in  cropland  use  (Table  6-18).  About  half  this 
land  (2,240  acres)  is  already  Irrigated  when  water  Is 
available. 

Middle  Missouri  Subbasin 

About  1 20.200  acres  in  the  Middle  Missouri  Sub- 
basin would  receive  water  for  44  proposed  projects 
under  the  Consumptive  Use  Alternative.  The  largest 
project.  BUREC.  would  provide  supplemental  water 
for  47,000  acres,  and  provide  for  the  new  irrigation  of 
6.600  acres  In  the  Milk  River  drainage.  This  alterna- 
tive would  increase  full-service  irrigated  acreage  in 
the  rest  of  the  Middle  Missouri  Subbasln  by  69.000 
acres  (63  percent  subbasin  increase). 

Under  the  Combination  Alternative,  irrigated 
acreage  in  the  subbasln  would  increase  50  percent. 
About  95.812  acres  would  be  irrigated  In  32  projects. 

Under  the  Instream  Alternative,  19  irrigation 
projects  covering  about  27.700  acres  would  Increase 
subbasln  irrigated  acreage  by  14  percent.  The  land 
use  change,  even  though  it  is  significant,  is  consider- 
ably less  than  under  the  other  two  alternatives. 

Table  6-19  describes  present  land  uses  on  areas 
where  reservations  for  irrigation  are  proposed  in  the 
Middle  Missouri  Subbasln. 
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Table  6-19.  Present  land  uses  on  areas  where 
reservations  for  Irrigation  are  proposed  In  the  Middle 
Missouri  Subbasin 


Drainage 


ALTERNATIVE   

Consumptive  Combi- 

Use         bistream       nation 


Missouri  River — Belt  Creel<  To  Fort  Peck  Reservoir 

cropped  (acres)  29,036  574  13,654 

pasture/range  (acres)  1,063  729  918 

total  acreage  30,099  1,303  14,572 

total  numt>er  of  projects  19  10  16 

Milk  River 

cropped  (acres)  53,600  0  53,600 

pasture/range  (acres)  0  0  0 

total  acreage  53,600  0  53,600 

total  number  of  projects  1  0  1 

Juditfi  River 

cropped  (acres)  7,155  1,208  2.395 

pasture/range  (acres)  1,168  167  225 

total  acreage  8,323  1,375  2,620 

total  number  of  projects  22  8  14 

Musselshell  River 

cropped  (acres)  3,119  0  0 

pasture/range  (acres)  0  0  0 

total  acreage  3,119  0  0 

total  number  of  projects  10  0 

Fort  Peck  Reservoir 

cropped  (acres)  23,115  23,115  23,115 

pasture/range  (acres)  1,905  1,905  1,905 

total  acreage  25,020  25,020  25,020 

total  number  of  projects  1  1  1 

Middle  Missouri  Subbasin  Totals 

cropped  (acres)  116,025  24,897  92,764 

pasture/range  (acres)  4,136  2,801  3,048 

total  acreage  120,161  27,698  95,812 

total  number  of  projects  44  19  32 


Missouri  River  Drainage  - 
Belt  creek  to  fort  peck  reservoir 

Table  6-20  indicates  irrigation  projects  that  could 
directly  affect  the  Upper  Missouri  WUd  £ind  Scenic 
River  under  each  alternative.  Project  FEI-30  would 
be  located  within  a  river  segment  that  Is  managed  to 
protect  Its  "wild"  values  near  the  mouth  of  Arrow 
Creek;  FEI-10  would  be  located  within  a  segment 
managed  to  protect  its  "recreational"  values  near  the 
mouth  of  Wolf  Creek;  and  FEl-20  would  be  located 
within  a  "scenic"  segment  just  upstream  from  the 
Charles  M.  Russell  Wildlife  Refuge.  The  remaining 
10  irrigation  projects— CH-37 1 ,  CHS-5.  CH-2 1 ,  CHS- 


6.  CHI- 10.  CHI-21,  CHI-22.  CHI-30.  CHI-40.  and 
BUREC — ^would  be  located  on  land  outside  the  des- 
ignated wild  and  scenic  river  corridor,  but  their 
pumping  stations  would  be  located  within  it.  Activi- 
ties that  adversety  affect  wild  and  scenic  river  values 
would  require  BLM  approval  and  possible  use  of 
mitigating  measures.  Project  FEI-30  would  have  to 
be  reduced  In  size  or  moved  to  avoid  running  through 
Arrow  Creek  and  a  steep  river  bluff  area. 

Milk  river  drainage 

Under  the  Consumptive  Use  and  Combination 
alternatives,  the  BUREC  Virgelle  project  would  divert 
water  from  the  Missouri  River  to  approximately 
53,600  acres  in  the  Milk  River  drainage.  47.000  acres 
of  which  are  presently  Irrigated  when  water  is  avail- 
able. This  project  would  increase  the  reliability  of 
Irrigation  water  supplies  to  the  Milk  River  basin, 
enabling  ranchers  to  Increase  their  alfalfa  and  other 
hay  production.  Approximately  6.600  acres  of  new 
irrigation  would  be  developed  along  the  proposed 
canal  route  between  Big  Sandy  and  Havre.  While 
canal  location  from  the  Vligelle  pumping  station 
through  Big  Sandy  to  the  Milk  River  has  been 
mapped,  no  design  work  has  been  done  for  highway, 
railroad,  and  pipeline  crossings.    Also,  the  design 


Table  6-20.  Irrigation  projects  that  could  affect  the 
Upper  Missouri  Wild  and  Scenic  River 


Consumptive 
Use  Combination     hstream 


Location  and  type  of 
affected  area 


BUREC 

CH-21 

CH-371 

CHS-5 

CHS-6 

GHI-10 

CHI-21 

CHI-22 

CHI-30 

CHI^ 

FEI-10 


FEl-20 


FEI-30 


BUREC 
CHI-21 


CHI-21 


Inigated  land  outside 
Upper  Missouri  Wild  and 
Scenic  River  Corridor. 


CHS-5         — 


CHI-10 
CHI-21 
CHI-22 
CHI-30 
CHI-40 

FEI-10 


CHI-10 
CHI-20 
CHI-22 
CHI-30 
CHI-40 

FEI-10 


FEI-30         — 


Inigated  land  within  the 
recreational  river 
cotjidor. 

Inigated  land  within  the 
scenic  river  conidor. 

Inigated  land  within  the 
wild  river  corridor. 


a  Indicates  a  project  Is  not  included  in  this  alternative. 


201 


work  for  the  6.600  acres  of  new  litigation  along  the 
canal  Is  not  completed,  making  It  diiHcult  to  assess 
associated  Impacts.  The  effects  of  canals  used  to 
transport  water  to  Bowdoln  National  Wildlife  Refuge 
are  not  known.  The  proposed  pumping  station  Just 
upstream  from  Vlrgelle  could  affect  the  Upper  Mis- 
souri Wild  and  Scenic  River  Corridor  and  would  re- 
quire approval  of  the  BLM.  The  federal  legislation 
designating  the  wild  and  scenic  river  allows  irriga- 
tion diversions  that  do  not  diminish  wild  and  scenic 
river  values.  The  Vlrgelle  project  is  not  included 
under  the  Instream  Alternative. 

Judith  river  drainage 

Approximately  1.200  acres  of  the  8.300  acres 
Included  in  the  Consumptive  Use  Alternative  In  this 
drainage  are  presently  Irrigated  when  water  is  avail- 
able, compared  to  about  180  acres  of  the  2.600  acres 
in  the  Combination  Alternative. 

Under  the  Consumptive  Use  and  Combination 
alternatives,  project  FE- 14  lis  pinched  among  a  res- 
ervoir, a  creek,  and  a  county  road,  and  overlaps  both 
Pine  Creek  and  the  coimty  road.  Project  FE-43 1  Is 
situated  among  rural  subdivisions  between  Lewis- 
town  and  Its  airport.  The  project  might  be  converted 
to  a  subdivision  before  irrigation  could  begin. 
Projects  FE-672  and  FE-673  slightly  encroach  upon 
U.S.  Highway  191  and  would  have  to  be  modified. 
Project  FE-673  is  crossed  by  an  electric  transmission 
line  that  would  preclude  construction  of  this  project 
as  proposed. 

MUSSELSHELL  RiVER  DRAINAGE 

Under  the  Consumptive  Use  Alternative,  project 
LM-20  would  provide  water  later  in  the  Irrigation 
season  for  an  estimated  3. 1 19  acres  that  currently 
receive  early  season  irrigation  from  high  spring  flows 
in  the  Musselshell  drainage.  This  project  Involves 
storing  Musselshell  River  water  in  abandoned  un- 
derground coal  mines  during  the  winter  and  spring. 
This  stored  water  would  be  pumped  back  into  the 
river  to  supplement  existing  irrigation.  The  water 
could  be  used  to  Irrigate  land  at  any  point  along  the 
river,  making  It  difficult  to  identify  effects  on  land 
use.  It  is  possible  that  repeated  dewaterlng  of  the 
mine  for  project  LM-20  wovild  weaken  geologic  struc- 
tures, accelerating  their  collapse  and  cause  the  over- 
lying land  surface  to  subside.  Various  structures 
and  county  roads  overlying  the  mines  could  be  af- 
fected if  the  surface  subsides.  Wheaton  and  Van 
Voast  (1989)  discussed  subsidence  as  part  of  their 
analysis  of  experimental  mine  pumping.  Ebq)erlmen- 


tzd  pumping  of  water  from  the  Jeffrey  Mine  {LM-20) 
revealed  no  sign  of  subsidence  (Wheaton  1990).  How- 
ever, subsidence  has  been  docinnented  at  the  nearby 
Williams  mine.  The  Issue  cannot  be  considered  re- 
solved without  a  comprehensive  assessment  by  a 
mine  stability  specialist.  This  project  is  not  included 
under  the  Instream  or  Combination  alternatives. 

Fort  Peck  reservoir  Drainage 
AND  Small  Tributaries 

Water  levels  in  Fort  Peck  Reservofr  already  fluc- 
tuate widely,  causing  major  changes  in  the  shore- 
line. PrtmarUy  drought  and  downstream  water  de- 
mands have  caused  shorelines  to  move  over  one-half 
mile  In  some  cases.  Shoreline  residents  who  use  Fort 
Peck  as  a  water  source  have  to  develop  new  Intake 
structiores  or  haul  domestic  water  from  elsewhere. 
The  newly  exposed  shorelines  have  created  extensive 
mud  flats,  causing  livestock  to  become  mfred,  fence 
lines  to  be  extended,  and  reducing  usability  of  the 
reservoir  for  stock  watering.  As  mud  flats  dry  out, 
dust  storms  reduce  use  of  nearby  grazing  areas 
(Knudsen  1990).  Under  any  ofthe  three  alternatives, 
water  levels  would  drop  by  1  foot  or  less,  but  would 
worsen  these  problems. 

Under  all  three  siltematives,  project  VAS- 1  would 
irrigate  25.000  acres  (Table  6- 19).  A  large  pumping 
station  would  be  constructed  for  project  VAS-1  on 
the  shore  of  Fort  Peck  Reservofr  south  ofthe  village 
of  Wheeler  in  the  Charles  M.  Russell  National  Wildlife 
Refuge.  A  2-mIle  long  pipeline  would  deliver  the 
water  to  a  32 -mile  long  series  of  canals  that  would 
supply  184  center  pivots.  Irrigating  an  average  of  140 
acres  each.  The  proposed  canal  system  would  cross 
several  roads,  a  pipeline,  and  an  existing  aqueduct. 
The  impact  of  this  project  probably  would  be  sub- 
stantial, and  development  of  this  project  would  be 
complex,  given  the  multiple  land  ownerships.  Resi- 
dences and  county  roads  are  within  proposed  irriga- 
tion projects.  Impacts  on  houses  and  roads  could  be 
avoided  by  locating  center  pivots  away  from  them. 

FISHERIES 
AND  AQUATIC  HABITAT 

General  Impacts  and  Considerations 

Reduced  streamflow  can  decrease  the  habitat 
available  to  fish  and  aquatic  organisms  eaten  by  fish, 
resulting  in  lower  numbers  and  weight  of  fish  In  a 
stream.  The  effect  of  reduced  streamflow  can  be 
Illustrated  by  comparing  fish  populations  above  and 
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below  major  diversions  or  by  comparing  populations 
before  and  after  droughts.  On  the  Musselshell  River, 
the  1985  drought  reduced  brown  trout  populations 
by  one-half  near  the  Selkirk  fishing  access.  This 
population  decline  was  most  noticeable  in  younger 
flsh,  with  populations  declining  72  to  93  percent, 
depending  on  age  (DFWP  tmdated).  In  another  por- 
tion of  the  Musselshell,  flsh  populations  below  the 
Deadmans  Basin  supply  canal  are  about  one-third 
those  above  the  diversion  (Vaughn  and  Fredenberg 
1984).  A  large  portion  of  the  Musselshell  is  diverted 
throughout  much  of  the  year  into  the  Deadmans 
Basin  supply  canal. 

Rainbow  trout  numbers  and  size  increased  sub- 
stantially between  1986  and  1987  in  the  Big  Hole 
River  near  Jerry  Creek,  but  decreased  during  the 
drought  of  1988  (Vincent  et  al.  1989).  Most  of  this 
decrease  affected  younger  flsh. 

On  the  Beaverhead  River  below  Clark  Canyon 
Dam,  the  number  and  weight  of  brown  trout  greater 
than  18  Inches  has  decreased  as  winter  releases 
have  been  severely  reduced  (Vincent  et  al. 
1989,1990).  While  the  number  of  larger  flsh  de- 
creased, the  population  of  smaller  brown  trout  in- 
creased. 

Aquatic  habitat  also  Is  affected  by  reduced 
streamflow.  Tennant  (1976),  with  the  assistance  of 
state  fisheries  biologists,  conducted  detailed  field 
studies  on  1 1  streams  east  of  the  Continental  Divide 
in  three  states.  Including  Montana,  and  concluded 
that  the  condition  of  aquatic  habitat  varies  with  re- 
markable uniformity  in  proportion  to  the  average 
annual  flow.  He  found  that  excellent  to  outstanding 
habitat  for  most  aquatic  life  forms  would  be  main- 
tained when  a  flow  equalling  60  percent  of  the  aver- 
age aimual  flow  was  maintained  instream.  Tennant 
recommended  at  least  30  percent  of  average  aimual 
flow  be  retained  Instream  to  preserve  good  survival 
conditions  for  most  aquatic  life  forms.  The  study 
suggested  that  10  percent  of  the  average  annual  flow 
was  minimum  for  short-term  survival  of  most  aquatic 
life.  Although  these  generalizations  may  not  apply  In 
all  situations,  they  demonstrate  how  flows  are  re- 
lated to  aquatic  habitat  and  flsh  populations  In  a 
general  sense.  It  also  points  out  that  fish  may  sur- 
vive for  short  periods  despite  low  flows,  but  good 
survival  conditions  for  aquatic  life  depend  on  ad- 
equate flow. 

On  most  streams  discussed  in  this  chapter,  not 
enough  Information  Is  available  to  establish  the  ex- 
act relationship  between  flow  rates  and  fish  popula- 


tions. Many  factors  Interact  to  Influence  fish  popu- 
lations, including  fishing  pressiore.  reproductive  suc- 
cess, and  habitat  conditions.  Many  of  these  factors 
interact  In  complex  ways,  allowing  flsh  populations 
to  Increase  or  decline. 

In  this  anatysls.  streamflow  rates  that  maintain 
riffle  areas  and  side-  chaimel  habitat  are  used  as 
Indicators  of  aquatic  habitat  conditions.  These  rates 
were  determined  by  DFWP  after  field  investigations. 
Generalfy.  flows  necessary  to  maintain  good  rifile 
habitat  average  27  to  47  percent  of  the  average  an- 
nual flow  (see  Appendix  B) .  Other  methods  are  avail- 
able to  approximate  the  amount  of  flow  necessary  to 
support  aquatic  habitat  on  a  given  stream.  The 
methods  used  by  DFWP  and  BLM  are  discussed  In 
Appendix  B. 

In  general.  Impacts  of  reduced  streamflows  would 
be  noticed  most  on  streams  where  flows  are  some- 
times so  low  that  aquatic  habitat  Is  already  being 
adversely  affected.  In  some  Instances,  additional 
depletions  would  reduce  flows  to  nothing.  As  flows 
are  severely  reduced,  the  condition  of  flsh  would 
decline  and  some  flsh  could  die  from  increased  water 
temperatures,  lowered  dissolved  oxygen  levels,  and 
reduced  food  production.  These  effects  could  be  long 
term  if  a  cycle  of  extremely  low  flows  followed  by  a 
gradual  recoveiy  of  the  fishery  Is  repeated  several 
times.  The  fishery  could  take  several  ye^rs  to  recover 
from  the  effects  of  a  very  low-flow  year.  Impacts  of 
additional  consumptive  water  uses  would  be  minor  If 
streamflows  are  maintained  at  levels  that  adequatefy 
protect  aquatic  habitat. 

Fish  numbers  also  could  decrease  If  fishing  pres- 
sure Increases  substantially.  This  could  occur  when 
use  Is  displaced  from  one  stream  to  another  as  a 
result  of  low  flow.  Such  effects  would  be  greatest 
under  the  Consiomptlve  Use  Alternative  and  smallest 
under  the  Instream  Alternative. 

Short-term  Increases  In  sediment  loads  which 
could  occur  during  construction  of  facilities  for  irri- 
gation or  municipal  water  use  also  could  damage 
aquatic  habitat.  Sediment  from  construction  can 
settle  out  of  the  water  farther  downstream,  blanket- 
ing the  stream  bottom,  clogging  spawning  beds,  and 
damaging  invertebrate  populations  that  serve  as  food 
for  flsh  (EPA  1 986) .  Filling  the  spaces  between  gravel 
in  spawning  beds  also  can  decrease  the  survival  of 
flsh  eggs.  Proper  construction  timing  and  techniques 
discussed  later  In  this  chapter  could  reduce  this 
impact. 


203 


Additional  nutrients  added  to  streams  as  a  result 
of  proposed  consumptive  uses  could  increase  the 
growth  of  aquatic  plants  up  to  the  point  where  detri- 
mental effects  occur.  Plants,  Including  algae,  pro- 
duce ooq^gen  during  the  day  but  consume  it  at  night. 
When  growth  becomes  too  rapid,  large  amounts  of 
dissolved  oxygen  are  used  at  night.  This  leaves  less 
dissolved  o^grgen  available  for  fish  and  other  aquatic 
organisms.  Not  enough  information  is  available  for 
most  streams  to  determine  whether  detrimental  ef- 
fects would  occur  from  the  addition  of  nutrients. 
However,  decreasing  flow  during  the  summer  and 
adding  nutrients  to  streams  that  cilready  have  low 
summer  dissolved  oxygen  levels  would  adversety  af- 
fect aquatic  life.  Nutrient  loading  is  discussed  fur- 
ther under  the  water  quality  section. 

Diversion  structures  associated  with  the  lai;ger 
projects  could  trap  and  kill  fish,  especially  during 
periods  of  low  flow  when  most  of  the  river  would  be 
diverted.  Proper  design  of  diversion  structures  could 
reduce  this  impact. 


Except  as  noted,  municipal  reservations  would 
have  only  minor  effects  on  aquatic  habitat  and  fish 
populations. 

Instream  reservations  would  help  preserve 
aquatic  habitat  and  fisheries  (described  in  Chapter 
Four),  but  would  not  necessarily  prevent  new  water 
development.  Flows  in  excess  of  instream  reserva- 
tions (Table  5-1)  could  still  be  impounded  or  di- 
verted. Reservation  of  Instream  flows  would  not  limit 
the  exercise  of  existing  water  rights  or  ofier  protec- 
tion from  natural  conditions  that  already  cause  se- 
vere low  flows  and  adversely  affect  aquatic  habitat 
(see  Tables  4-2,  4-4,  4-6,  and  4-8). 

Storage  projects 

Table  6-2 1  lists  the  15  storage  projects  that  have 
been  proposed  and  indicates  the  likelihood  that  each 
would  support  a  fishery.  Most  of  these  are  small 
projects.  As  stated  in  the  applications,  the  purpose 
of  10  projects  is  strictly  storage  for  irrigation,  and  7 


Table  6-21 .  Likelihood  of  proposed  storage  projects  supporting  a  fishery  under  the  Consumptive  Use,  Instream, 
and  Combination  alternatives 


Location  of  Proposed 

-  Alternative  — 

Storage  Project 

Consumptive  Use 

instream 

Combination 

Purpose 

Gallatin  River  Drainage 

Bozeman 

possible 

possible 

possible 

Municipal 

Teton  River  Drainage 

TE-361  -  Spring  Coulee 

possible 

a 

Irrigation 

TE-591  -  Gamble  Coulee 

possible 

possible 

possible 

Irrigation 

TE-401  -UT  Teton  River" 

small 



Irrigation 

TE-581  -  Gamble  Coulee 

great 

Fish/wildlife  or  irrigation 

TE-381  -  Weatherwax  Coulee 

small 



irrigation 

CH-641  -  Alkali  Coulee 

great 

great 

great 

Wildlife 

Marias  River  Drainage 

Cut  Bank 

unknown 

unknown 

unknown 

Municipal 

CHFG-181- Cut  Bank  Coulee 

great 

great 

great 

Fire  protection  &  recreation 

TO-421  -  Timber  Coulee 

possible 

possible 

Irrigation 

PO-91  -  Laughlin  Coulee 

small 

Irrigation 

Judith  River  Drainage 

FE-81  -  Wolf  Creek 

small 

irrigation 

FE-141  -  Wolverine  Coulee 

small 

small 

small 

Irrigation 

FE-161  -  Warm  Springs  Cr. 

small 

small 

Irrigation 

Sun  River  Drainage 

LC-251  -UT  Smith  Creek** 


small 


Irrigation 


'    Blank  space  lndk»tes  the  project  Is  not  Included  under  that  eiltemative. 
^   UT  means  unnamed  tributary. 
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of  these  reservoirs  wovild  be  emptied  each  year.  It  Is 
unlikely  that  they  would  support  a  fishery  over  the 
long  term.  Three  of  the  Irrigation  reservoirs  could 
have  enough  water  throughout  most  years  to  sup- 
port a  fishery  If  there  are  no  other  limiting  factors 
such  as  poor  water  quality. 

The  purpose  of  three  storage  projects  Is  for  fish, 
wildlife,  recreation,  or  fire  protection.  These  projects 
might  have  enough  water  throughout  the  year  to 
support  a  fishery. 

Most  storage  projects  that  might  support  a  fish- 
ery are  included  under  the  Consumptive  Use  Alter- 
native. The  fewest  are  Included  under  the  Instream 
Alternative  (Table  6-21). 

Fishery  Impacts  of  Bozeman's  proposed  dam  are 
difficult  to  estimate  because  of  uncertainties  about 
reservoir  operations.  However,  under  all  the  alterna- 
tives, about  1.25  miles  of  stream  habitat  would  be 
Inundated.  It  Is  unknown  If  reservoir  operation  would 
sustain  a  long-term  fishery  in  the  reservoir  or  Sour- 
dough Creek  below  the  proposed  dam.  In  Sourdough 
Creek  near  the  National  Forest  boundary,  the  reser- 
vation might  reduce  flows  to  11  cfs  or  less.  Flows 
greater  than  1 1  cfs  are  thought  necessary  to  main- 
tain good  amounts  of  food-producing  rlflle  areas 
(uses  1989b).  Flows  now  fall  below  11  cfs  during 
the  fall  and  winter  (USGS  1989b). 

impacts  of  the  consumptive  use, 
Instream,  and  Combination 
Alternatives 

Gallatin  River  drainage 

In  diy  years,  flows  in  lower  portions  of  the  Gallatin 
River  now  fall  to  less  than  the  500  cfs  considered 
necessary  for  minimal  aquatic  habitat  (Appendix  C). 
Reservations  for  irrigation  and  municipal  use  in  the 
Gallatin  River  drainage  would  further  reduce  flows 
below  500  cfs,  as  shown  in  Table  6-22  and  ^pendlx 
C.  This  would  worsen  an  already  undesirable  situa- 
tion for  aquatic  habitat  and  might  lower  trout  popu- 
lations. These  Impacts  would  be  greatest  under  the 
Consumptive  Use  Alternative  and  less  under  the 
Combination  Alternative. 

Only  minor  effects  to  aquatic  habitat  would  oc- 
cur under  the  Instream  Alternative  because  it  con- 
tains no  irrigation  projects. 

Madison  River  Drainage 

During  August,  a  large  irrigation  project  (GA- 
201)  would  divert  an  average  of  about  80  to  90  cfs 


from  the  Madison  River  at  the  Greyclifffishlng  access 
site  between  Ennls  Lake  and  Three  Forks.  Project 
GA-201  is  the  only  large  proposed  diversion  from  the 
Madison  River  and  Is  Included  under  the  Consiomp- 
tlve  Use  and  Combination  alternatives. 

Elevated  summer  temperature  in  Ermis  Lake  is 
a  major  limitation  on  trout  populations  below  the 
dam.  Reducing  flow  in  the  rtver  might  further  elevate 
water  temperatures  and  adversely  affect  the  fishery, 
especially  during  August  (Table  6-22).  Project  GA- 
201  is  not  included  under  the  Instream  Alternative, 
and  this  alternative  consequently  would  not  affect 
aquatic  habitat. 

The  additional  diversion  of  0.85  cfs  by  West  Yel- 
lowstone would  reduce  spawning  habitat  in  the  lower 
150  feet  of  the  stream  flowing  from  Whiskey  Spring. 
This  spawning  habitat  would  be  affected  equally 
under  the  Consumptive  Use,  Instream,  and  Combi- 
nation alternatives. 

JEFFERSON  AND  BOULDER  RIVER  DRAINAGES 

In  the  Jefferson  Rtver  drainage.  Irrigation  projects 
under  the  Consumptive  Use  Alternative  would  In- 
crease the  frequency  of  near-zero  August  flows  near 
the  mouth  and  would  further  damage  aquatic  habi- 
tat (Table  6-22  and  Appendix  C).  Flows  already  drop 
to  zero  during  August  of  very  dry  years.  In  July  during 
very  dry  years  (90th  percentile  flows),  fbws  would  drop 
frxan  about  247  cfe  to  zero,  damaging  food-producing 
rlflle  areas  and  adversely  affecting  the  fishery.  Return 
flows  from  the  proposed  projects  would  do  little  to  in- 
crease fbws  during  the  fall  and  winter. 

Under  the  Consumptive  Use  Alternative,  projects 
JV-201  and  JV-202  near  Waterloo  would  require 
diversions  totaling  a  maximum  of  about  160  cfs  from 
the  Jefferson  River.  These  projects  would  increase 
the  frequency  and  duration  of  severefy  reduced  sum- 
mer flows  such  as  those  that  occurred  in  the  late 
1980s,  leaving  only  standing  pools  separated  by  dry 
or  nearly  dry  riflles.  Fish  would  die  as  they  did  during 
the  drought  of  1988.  Projects  JV-201  and  JV-202 
are  not  included  under  the  Combination  Alternative. 

Projects  included  in  the  Combination  Alternative 
would  reduce  average  August  flows  in  the  Jefferson 
river  by  about  42  cfs.  Existing  August  flows  are  near 
zero  at  the  mouth  of  the  Jefferson  River  in  about  1 
year  out  of  10.  The  proposed  reservations  would 
increase  the  frequency  of  these  near-zero  flow  condi- 
tions (see  Appendix  C).  In  at  least  2  years  out  of  10 
flows  would  drop  below  minimum  levels  (about  550 
cfs)  thought  necessary  to  sustain  a  low  level  of  aquatic 
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habitat.  This  would  damage  aquatic  habitat.  In  July, 
the  river  currently  drops  below  550  cfs.  During  the  2 
driest  years  In  10,  proposed  withdrawals  would  re- 
duce July  flows  from  about  523  cfs  to  about  462  cfs. 
Return  flows  from  the  proposed  projects  would  do 
little  to  Increase  flows  during  the  fall  and  winter  of 
dry  years;  consequently,  there  would  be  no  substan- 
tial Increase  In  habitat  during  winter  to  help  offset 
the  summer  losses.  None  of  the  Irrigation  projects 
are  Included  under  the  Instream  Alternative  and 
associated  adverse  effects  to  aquatic  habitat  would 
not  occur. 

Aquatic  habitat  In  the  Boulder  River  would  be 
further  reduced  under  both  the  Consumptive  Use 
and  Combination  alternatives.  Five  proposed  Irriga- 
tion projects— JV- 17,  JV- 18.  JV-63.  JV-80,  and  JV- 
81 — ^would  be  located  along  the  portion  of  the  Boul- 
der River  that  already  has  low  flows  during  the  sum- 
mer. Additional  flow  reductions  would  adversely  af- 
fect aquatic  habitat  and  cause  riffles  to  become  dry 
or  nearly  dry  more  frequently.  Under  the  Instream 
Alternative,  average  summer  flows  would  not  change 
and  there  would  be  no  effect  on  aquatic  habitat  in  the 
Boulder  River. 


Big  Hole,  Beaverhead,  ruby, 
AND  Red  Rock  river  Drainages 

In  the  Big  Hole,  Beaverhead,  Ruby,  and  Red  Rock 
river  drainages,  the  only  reservation  requested  for 
consumptive  use  Is  the  Town  of  Dillon's  application 
for  municipal  use.  The  slight  reductions  In  flow  on 
the  Beaverhead  River  from  this  request  would  have  a 
minimal  effect  on  already  poor  aquatic  habitat  condi- 
tions during  dry  years. 

Missouri  River  Drainage  - 
Three  forks  to  holter  dam 

During  the  summer  of  dry  years,  flows  in  the 
Missouri  River  at  Toston  currently  fall  below  optimal 
rates  (about  2,400  cfs)  needed  to  maintain  aquatic 
habitat  in  riffles  and  below  rates  needed  to  maintain 
water  In  side  channels  (about  2,500  cfs).  Side  chan- 
nels are  Important  rearing  areas  for  young  trout 
during  the  summer.  Table  6-22  indicates  how  sum- 
mer flows  near  Toston  would  change  during  dry  years 
under  the  Consumptive  Use  and  Combination  alter- 
natives. After  project  development,  portions  of  riffles 
would  be  exposed  more  frequently  and  for  longer 
periods  of  time,  reducing  food-producing  areas. 


Table  6-22.  Changes  In  flow  affecting  aquatic  habitat  in  major  rivers  under  the  Consumptive  Use  and 
Combination  alternatives' 


Approximate 

Approximate  flow 

Average 

Average 

montfily 

Average 

flow  rates 

rates  providing 

montfilyftows(cfs) 

flows  (cfs)  during  tlie 

montfily  flows  (cfs) 

considered 

minimal 

during  ttie 

summer 

summer  of 

dry  years 

during  the  summer 

optimal  for  existing  protection  to 

of  dry  years  under 

under  Consumptive 

of  dry  years 

under  the 

Stream 

hal>itat(d^ 

aquatic  habitat" 

existing  conditions' 

UseAltemative 

Combination  AKemative 

July 

August 

July 

August 

July 

August 

Headwaters  Subbasin 

Gallatin  River  near  Logan 

1,000 

500 

871 

485 

848 

464 

R5fi 

471 

Madison  River  near  Three  Forks 

900-1,100 

NA 

1,223 

724 

1,127 

645 

1.127 

645 

Jefferson  River  near  Three  Forks 

1,100 

550 

523 

172 

255 

0 

523 

172 

Upper  Missouri  Subbasin 

Missouri  River  near  Toston 

2,400  over  riffles 

NA 

2,154 

1,280 

1,820 

1,045 

1,988 

1,165 

2,500  in  side  channels 

Missouri  River  below  Holter  Dam                 2,700-2,900  over  riffles 

NA 

2,902 

2,769 

2,849 

2,718 

2,853 

2.736 

4,100  in  side  channels 

Smith  River  near  Eden  (above  Hound  Creek) 

150 

80 

129 

56 

110 

34 

129 

47 

Deartxxn  River  near  the  moiilh 

110 

50 

89 

33 

87 

32 

87 

32 

Sun  River  near  Vaughn  (betow  Muddy  Creek) 

220 

130 

240 

312 

137 

265 

215 

300 

Marias/Teton  Subbasin 

Marias  River  above  Tiber  Reservoir 

200 

NA 

399 

95 

382 

74 

386 

79 

Marias  River  near  Loma  (above  Teton  River) 

5fiO 

320 

596 

472 

310 

294 

533 

434 

Teton  River  near  moirth 

UNKNOWN 

UNKNOWN 

0 

0 

0 

0 

0 

0 

Middle  Missouri  Subbasin 
Judith  River  at  mouth 


300 


160 


308 


238 


226 


168 


269 


211 


*  ThetB  would  be  no  reductions  to  flows  in  the  Missouri  F^ver  and  its  tributaries  above  Canyon  Ferry  Dam  during  dry  years  under  ttie  instream 

alternative.  Flow  reduction  in  the  Missouri  River  below  Canyon  Ferry  Dam  during  dry  years  would  be  very  small  under  the  Instream  AltemativB. 
"  Source:  DFWP  1969 
<=  Based  on  DNRC  modeling 
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Side-channel  rearing  habitat  also  would  be  dewa- 
tered  more  frequently  and  for  longer  periods  of  time. 
Adverse  effects  to  riffle  and  side-channel  habitat 
would  be  greatest  under  the  Consumptive  Use  Alter- 
native. Under  the  Instream  Alternative,  median  flows 
woiald  drop  ftx)m  4,710  to  4,406  cfs  in  July  and  from 
2,251  to  2,247  cfs  in  August,  and  would  have  a 
comparatively  minor  effect  on  aquatic  habitat. 

Releases  of  stored  water  have  benefitted  the  fish- 
ery below  Hauser  Reservoir  by  providing  more  stable 
flows  and  water  temperatures.  However,  in  5  years 
out  of  10.  flows  in  the  3-mile  reach  of  the  Missouri 
River  between  Hauser  and  Holter  reservoirs  afready 
fall  below  the  4,878  cfs  thought  necessary  for  opti- 


mal brown  trout  spawning.  Proposed  uses  under  the 
Consumptive  Use,  Instream,  and  Combination  alter- 
natives would  increase  the  occurrence  of  flows  below 
4,878  cfs  £ind  might  adversely  affect  habitat  avail- 
able for  brown  trout  migrating  from  Holter  Lake  to 
spawn  in  this  reach  of  the  river.  This  in  turn  might 
affect  the  numbers  of  brown  trout  in  Holter  Reser- 
vofr.  Adverse  effects  would  be  most  severe  under  the 
Consumptive  Use,  less  under  the  Combination,  and 
Iceist  under  the  Instream  Alternative. 

Table  6-23  Indicates  tributary  streams  tn  the 
Upper  Missouri  Subbasln  where  aquatic  habitat  could 
be  adversely  affected  under  the  three  alternatives. 


Table  6-23.  Streams  in  the  Upper  Missouri  Subbasln  where  adverse  effects  to  aquatic  habitat  may  result  from  the 
Consumptive  Use,  Instream,  and  Combination  alternatives 


Stream 


August  flow  (cfs)   Consumptive  Use 

during  dry  Reduction 

years  (80th  In  August 

percentile)      Project     flow  (cfs) 


Alternative 
Instream 


Project 


Reduction 
In  August 
flow  (cfs) 


Combination 

Reduction 

in  August 

Project       flow  (cfs) 


Remarks 


Wami  Springs  Creek      1 3 


Deep  Creek 


18 


BR-44 
BR-40 
BR-41 
BR-42 

Total 


BR-28 
BR-29 

Total 


i-lound  Creek 


Big  Coulee 


22 


3.46 


Total 

TE-181 
TE-183 

Total 


9.35 
1.87 
7.48 
1.05 

19.75 


1.87 
0.32 

2.19 


CS-62  0.50 
CS-63  0.35 
CS-64         0.36 


1.21 

0.91 
3.95 

4.96 


BR-44 
BR-40 
BR-41 
BR-42 


BR-28 


9.35  BR-44         9.35  Little  is  known  about  the  fishery 

1 .87  BR-40         1 .87  in  Warm  Springs  Creek.  There 

7.48  BR-41         7.48  also  is  some  uncertainty  over 

1.05  BR-42         1.05  the  actual  changes  in  fbw 

t)ecause  these  projects  would 
1 9.75  1 9.75  use  water  from  deep  artesian 

aquifers.  If  these  flow  reduc- 
tions occur,  aquatic  habitat 
would  disappear  in  dry  years. 

1.87  BR-28         1.87  ThebwerportionofDeepCreek 

0  —  0  frequently  goes  dry  as  water  is 

intercepted  by  an  irrigatbn 
canal.  Additbnal  reductbns  in 
flow  may  hinder  DNRC's  efforts 
to  restore  the  fishery  in  the  bwer 
portbn  of  the  creek  as  required 
mitigatbn  for  changes  in  its 
operatbns  at  Toston  Dam. 


CS-62 

0.50 

About  35  cfs  is  needed  to 

CS-63 

0.35 

maintain  optimal  aquatic  habitat 

CS-64 

0.36 

conditbns.  The  additbnal 
reductbns  would  slightly  reduce 

1.21 

aquatb  habitat  in  riffle  areas. 

TE-181 

0.91 

Through  changes  in  fbw  would 

TE-193 

3.95 

have  substantial  effects  on 

Blank  space  indk»tes  a  project  is  not  Included  in  that  altemative. 


aquatb  habitat,  DNRC  esti- 
4.96  mates  winter  flows  near  the 

diversbns  now  approach  zero, 
and  it  is  unlikely  this  stream 
supports  substantial  game 
fish  population. 
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Missouri  river  Drak^age  - 
holter  dam  to  belt  creek 

By  stabilizing  flows  and  water  temperatures,  re- 
leases of  water  stored  at  upstream  dams  have  bene- 
fitted the  fishery  in  the  Missouri  River  below  Hotter 
Dam.  Here,  flows  of  about  2,700  to  2,900  cfs  are 
sufilclent  to  maintain  aquatic  habitat  in  most  riffles, 
and  flows  of  approximately  4, 100  cfs  will  maintain 
side  channels  used  for  spawning  and  rearing  of  young 
trout.  Flows  currently  fall  below  these  rates  as  shown 
in  Appendix  C.  The  proposed  irrigation  projects  and 
municipal  water  uses  under  the  Consumptive  Use 
and  Combination  alternatives  would  slightly  increase 
the  frequency  of  flows  below  2,900  cfs  during  the  sum- 
mer of  diyyears.  sUghtiyredudngfood-pnxiudng  areas. 
Flows  woiJd  fall  below  4, 100  ds  more  often  during  the 
summer  and,  as  a  resiolt,  side  channels  could  be  less 
usable  for  the  rearing  of  trout  This  effect  would  be  very 
slight.  Flows  resulting  fix)m  the  Consumptive  Use  and 
Combination  attematives  are  shown  in  Appendix  C. 

Under  the  Instream  Alternative,  side-channel 
habitat  reductions  would  be  relatively  small  because 
the  frequency  and  duration  of  flows  below  4, 100  cfs 
would  not  change  much  (see  Appendix  C). 

Dearborn  river  drainage 

Under  the  Consumptive  Use  and  Combination 
attematlves,  project  LCI-20  would  reduce  summer 
flows  in  the  Dearborn  FUver,  which  already  has  low 
flows  In  dry  years.  Approximately  1 10  cfs  is  neces- 
sary to  maintain  optimal  flow  conditions  to  protect 
aquatic  habitat.  At  flows  less  than  about  50  cfs, 
riflfles  are  exposed,  reducing  areas  capable  of  pro- 
ducing food  for  fish.  In  about  2  years  out  of  10, 
August  through  February  flows  ctirrently  fall  below 
50  cfs  (Appendix  C).  Additional  reductions  would 
worsen  this  situation  and  slightfy  decrease  aquatic 
habitat  (Table  6-22)  under  the  Consumptive  Use  and 
Combination  edtematlves.  Aquatic  habitat  would  not 
be  adversely  affected  under  the  Instream  Alternative 
because  project  LCI-20  would  not  be  developed. 

Smith  River  drainage 

FUflQe  areas  in  the  Smith  River  above  Hound  Creek 
are  already  adversely  affected  by  low  flows.  Roughly 
80  cfs  is  needed  to  maintain  low  levels  of  riffle  habitat 
in  the  Smith  River  above  Hound  Creek  and  1 50  cfs  to 
maintain  near  optimal  habitat  conditions  (Table  6- 
22).  Devebpment  of  the  proposed  irrigation  projects 
under  the  Consumptive  Use  Alternative  would  reduce 
flows  during  August  of  the  2  driest  years  in  lOfrom  56 
cfs  to  about  46  cfs.  During  extremely  diy  conditions 


which  occur  1  yearin  10,  Augustflows  would  be  reduced 
friom  24  ds  to  about  14  cfs.  This  would  reduce  riffle 
habitat  and  adverse^  affect  the  fishery  in  the  Smith 
River  above  Hound  Creek. 

Aquatic  habitat  and  fisheries  in  the  Smith  Fltver 
above  Hound  Creek  would  not  be  adversely  affected 
by  reservations  under  the  Instream  or  Combination 
alternatives  because  projects  proposed  by  the  Meagher 
County  Conservation  District  are  not  included. 

Flow  reductions  would  affect  aquatic  habitat  in 
the  lower  portion  of  the  Smith  FUver  under  all  alter- 
natives. However,  the  effects  of  these  flow  reductions 
on  aquatic  habitat  are  not  understood  well  because 
little  information  is  available  on  Instream  flow  needs 
and  flows  have  not  been  gauged  or  estimated. 

Table  6-23  indicates  how  aquatic  habitat  In  Hound 
Creek  would  be  affected  under  each  of  the  alternatives. 

SUN  River  Drainage 

Severely  reduced  flows  in  the  Sun  FUver  above 
Muddy  Creek  already  have  adverse  effects  on  aquatic 
habitat  during  the  summer,  and  additional  diver- 
sions under  the  Consumptive  Use  Alternative  would 
worsen  this  situation.  Under  the  Instream  and  Com- 
bination alternatives,  proposed  projects  that  would 
divert  flow  above  Muddy  Creek  are  not  included,  and 
aquatic  habitat  would  not  be  affected. 

Return  flows  from  the  Greenfields  Bench  irriga- 
tion project  seep  into  Muddy  Creek  which  carries 
them  to  the  lower  Sun  River  in  late  summer.  Though 
water  quality  is  poor  in  these  return  flows,  late  sum- 
mer flow  rates  in  the  lower  Sun  River  are  above  those 
thought  necessary  (about  130  cfs)  to  provide  a  low 
level  of  protection  to  aquatic  habitat  as  shown  In 
Table  6-22.  However,  July  flows  currently  fall  to  only 
43  cfs  1  yearin  10  (Appendix  C)  in  the  Sim  Filver  near 
Vaughn  (below  Muddy  Creek).  Here,  additional  irri- 
gation would  cause  average  July  flows  to  cease  in  1 
year  in  10  under  the  Consiamptlve  Use  Alternative 
and  fell  to  only  20  cfs  in  1  yearin  10  under  the  Combi- 
nation Alternative.  Aquatic  habitat  would  be  adversely 
affected  and  water  temperatures  could  increase  and 
harm  fish  and  other  aquatic  life  under  each  of  these 
attematlves.  Underthe  InstreamAttematlve,  flows  would 
remain  above  130  ds  in  5  years  in  10  and  existing  low 
levels  of  aquatic  habitat  would  be  maintained. 

Belt  creek  Drainage 

A  resident  trout  and  whlteflsh  fishery  exists  in 
Belt  Creek  Just  above  its  mouth,  where  these  species 
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spawn.  Sauger  migrate  up  Belt  Creek  from  the  Mls- 
soiiri  River.  Lower  Belt  Creek  already  has  reduced 
flows  during  late  summer.  These  low  flows  reduce 
aquatic  habitat  to  marginal  levels  in  dry  years.  Taken 
together,  additional  reductions  from  irrigation 
projects  on  Belt  Creek  under  any  of  the  alternatives 
would  worsen  the  existing  low-flow  conditions  and 
Increase  adverse  impacts  to  aquatic  habitat.  Im- 
pacts would  be  most  severe  under  the  Consumptive 
Use  Alternative,  intermediate  under  the  Combina- 
tion Alternative,  and  least  severe  under  the  Instream 
Alternative. 

MARIAS  RIVER  DRAINAGE 

Roughly  200  cfs  is  thought  necessary  to  provide 
adequate  flows  in  riflles  in  the  upper  Marias,  but 
flows  currently  fall  below  this  level  in  about  2  years 
out  of  10  between  August  and  February.  In  1  year  in 
10,  there  is  no  flow  in  some  parts  of  the  stream 
during  August.  Under  the  Consiamptive  Use  Alter- 
native, new  water  uses  above  Tiber  Dam  would  cause 
slight  to  moderate  decreases  in  summer  flows  in  the 
Marias  River,  which  would  reduce  the  amount  of 
food-producing  riffle  habitat.  Under  the  histream 
Alternative,  additional  Impacts  to  aquatic  habitat  in 
the  Marias  River  above  Tiber  Reservoir  would  be 
minor.  Additional  Impacts  to  aquatic  habitat  from 
projects  in  the  Combination  Alternative  would  be 
intermediate  between  those  from  the  Consumptive 
Use  and  Instream  alternatives,  as  shown  in  Table  6- 
22  and  Appendix  C.  ■* 

In  Tiber  Reservofr,  new  water  uses  allowed  tinder 
any  of  the  three  alternatives  would  not  reduce  water 
elevations  during  the  critical  spawning  season  be- 
tween April  15  and  June  1  and  probably  would  not 
affect  spawning  of  forage  fish. 

A  trout  fishery  has  developed  below  Tiber  Reser- 
vofr as  a  result  of  releases  of  stored  water.  Reserva- 
tions tinder  the  Consumptive  Use,  Instream,  and 
Combination  alternatives  would  have  relatively  mi- 
nor effects  on  this  fishery. 

In  the  lower  portion  of  the  Marias  River,  flows  of 
560  cfs  are  thought  necessary  to  maintain  optimal 
amounts  of  water  over  food-producing  riffles,  while 
flows  below  320  cfs  expose  parts  of  these  riffles. 
Water  uses  included  under  the  Consumptive  Use 
Alternative,  primarily  irrigation  in  project  BSS-2, 
would  cause  July  flows  in  the  Marias  to  cease  1  year 
in  10.  This  would  have  a  major  adverse  effect  on 
aquatic  habitat  in  this  portion  of  the  river  unless 
water  is  released  from  Tiber  Reservofr  to  mlUgate  this 


effect.  Fish  could  be  killed  in  the  pumps  of  project 
BSS-2,  though  proper  design  of  the  intake  could 
reduce  the  numbers. 

Consumptive  water  uses  included  In  the  In- 
stream Alternative  would  cause  onty  slight  adverse 
effects  to  aquatic  habitat,  assuming  reservofr  opera- 
tions do  not  change.  In  dry  years,  summer  flows 
would  drop  below  560  cfs  but  not  below  320  cfs, 
meaning  Impacts  would  be  no  worse  than  moderate. 
Winter  flows  and  habitat  conditions  would  not 
change.  Impacts  of  the  Combination  Alternative 
would  be  similar  in  type  but  slightly  more  than  those 
described  for  the  Instream  Alternative,  in  Table  6-22 
and  Appendix  C. 

Table  6-24  indicates  additional  streams  that 
would  be  adversely  affected  by  proposed  consump- 
tive water  uses  in  the  Marias  River  drainage. 

TETON  River  Drainage 

The  lower  portion  of  the  Teton  River  afready  has 
extremely  low  flows  at  times.  Diversions  in  the  upper 
portion  of  the  drainage  would  worsen  the  chronic 
late  summer  low  flows  and  adversely  affect  aquatic 
habitat  In  the  lower  Teton  River.  The  lower  portion  of 
the  river  does  not  support  a  highly  valued  sport 
fishery.  However,  two  species  of  special  concern,  the 
blue  sucker  and  stuiTgeon  chub,  have  been  found 
between  Choteau  and  the  mouth  of  the  Teton  River. 
Both  of  these  species  are  reported  to  prefer  flowing 
water  and  could  be  adversety  affected  by  additional 
consumptive  water  use. 

Flows  in  the  Teton  River  and  Spring  Creek  could 
be  reduced  as  groundwater  is  pumped  for  project 
TE-321  under  arty  of  the  three  alternatives.  Spring 
Creek  is  a  locally  Important  trout  fishery.  The  reduc- 
tion in  flow  is  not  precisely  known  but  could  be  as 
great  as  3.74  cfs.  Spring  Creek  is  estimated  to  have 
a  base  flow  of  about  4.5  cfs.  Severe  reductions  In 
habitat  may  result  if  3.74  cfs  Is  actually  diverted. 

Fisheries  impacts  of  irrigation  projects  In  Alkali 
Coulee  (CH-641)  and  Spring  Coulee  (TE-361)  are 
unknown. 

Missouri  River  Drainage  - 
belt  creek  to  fort  peck  reservoir 

Between  Belt  Creek  and  the  Marias  River,  about 
3,700  cfs  Is  needed  in  the  Missouri  River  to  maintain 
flow  in  food-producing  riffle  areas.  About  4,500  cfs  is 
needed  to  prevent  side  charmels  in  this  reach  from 
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becoming  excessively  shallow.  Side  channels  are 
Important  for  rearing  of  young  goldeye,  blgmouth 
btiffalo,  smallmouth  buffalo,  and  other  small  fish 
eaten  by  game  fish.  Table  6-25  shows  how  fre- 
quently flows  would  fall  below  4,500  cfe  and  how 
they  woiald  change  under  each  alternative.  Flow 
reductions  under  the  Combination  Alternative  would 
worsen  aquatic  habitat  conditions  to  a  lesser  degree 
than  the  Consumptive  Use  Alternative,  but  more 
than  under  the  Instream  Alternative  as  shown  In 
Table  6-25  and  i^pendlx  C. 


In  the  section  of  the  Missouri  River  between  the 
Marias  and  Judith  rivers,  flow  reductions  would  ad- 
versely affect  riffle  and  side-channel  habitat.  In  this 
reach,  about  5.400  cfs  Is  thought  necessary  to  pro- 
tect habitat  In  side  channels,  and  roughly  4,300  cfs 
Is  needed  to  maintain  water  over  riffle  areas  (Table  6- 
25).  Water  uses  under  the  Consumptive  Use  Alternative 
would  increase  the  frequency  of  low  flows  as  shown  in 
Table  6-25.  Flows  of  14,000  cfs  or  more  are  thought 
necessaiy  for  successful  paddleflsh  migration  in  the 
spring.  Consumptive  wateruses  would  slightly  decrease 


Table  6-24.  Streams  in  the  Marlas/Teton  Subbasin  where  adverse  effects  to  aquatic  habitat  may  occur  under  the 
Consumptive  Use,  instream,  and  Combination  alternatives 


Alternative    

Consumptive  Use 
Reduction 

Instream 

Combination 

Reduction 

August  flow 

Reduction 

(cfs)  during 

In  August 

In  August 

In  August 

Stream                     dry  years 

Project 

flow  (cfs) 

Project     flow  (cfs) 

Project 

flow  (cfs) 

Remarks 

Cut  Bank  Creek  at        35 

GL-221 

1.62 

GL-221       0 

GL-221 

0 

About  75  ds  is  needed  to  maintain 

Cut  Bank 

GL-11 
Total 

1.32 
2.94 

GL-11         1.32 

GL-11 

1.32 

riffles,  and  flows  now  fall  below  this 
above  Cut  Bank.  Acidilional  deple- 
tions by  itie  City  of  Cut  Bank  and 
projects  GL-1 1  and  GL-221  would 
furttier  reduce  flows  and  adversely 
affect  aquatic  habitat. 

Two  Medicine  River     144 

POI-10 

1.34 

—a             0 

POI-10 

1.34 

Ftaws  are  ncjw  below  rates  thought 

PO-421 

1.19 

— 

PO-421 

1.19 

nec»ssary  to  provicie  good  aquatic 

Laughlin  Coulee 


Timber  Coulee 


0.4 


Total 


PO-91 


2.53 


0.25  — 


0.1  TO-421       0.33  — 


TO-421       0.33 


Gamble  Coulee 

0.19 

TE-581 
TE-591 

Total 

0.28 
3.91 

13.88 

TE-591 

0 
3.91 

TE-591 

0 
3.91 

Alkali  Coulee 

0.1 

CH-641 

0.04 

CH-641 

0.04 

CH-641 

0.04 

'    Blank  space  indk^ates  a  project  is  not  included  in  that  alternative. 


habitat  (about  1 6.5  cfs).  Consump- 
tive water  use  wcxjjd  further  reduce 
flows  and  might  adversely  affect 
aquatic  habitat 

The  stream  would  be  dewatered  in 
2  years  out  of  1 0,  which  would  aci- 
versely  affec:t  aquatic  hatiitat.  It  is 
not  known  whether  this  stream  sup- 
ports game  fish. 

Water  would  be  pumped  from  3 
existing  reservoirs.  Flows  in  the 
creek  are  very  low,  and  it  is  unlikely 
the  aeek  supports  populations  of 
game  fish. 

Though  changes  in  flow  would  have 
substantial  effects  on  aquatic  habi- 
tat, DNRC  estimates  winter  flows 
near  the  civersions  apprciach  zero, 
and  it  is  unlikely  this  stream  sup- 
ports large  game  fish  populaticxis. 

Fk>ws  in  Alkali  Creek  are  very  k>w, 
arxi  it  is  not  krxjwn  if  the  creek  sup- 
ports a  fishery.  The  depletions 
wouki  adversely  affect  acfjatic  habi- 
tat in  the  stream.  The  proposed 
reserv<3ir  might  support  a  fishery. 
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the  frequency  of  flows  over  14,000  cfs  and  might 
adversely  affect  paddlefl^  migration.  Flow  reduc- 
tions under  the  Combination  Alternative  would 
worsen  aquatic  habitat  conditions  to  a  lesser  degree 
than  the  Consumptive  Use  Alternative,  but  more 
than  imder  the  Instream  Alternative  as  shown  In 
Table  6-25  and  i^pendlx  C. 

In  the  Missouri  below  the  confluence  of  the 
Judith  River,  about  5,800  cfs  Is  needed  to  maintain 
side-channel  habitat  and  about  4.700  cfs  Is  needed 
to  malntcdn  water  over  riffles  at  Cow  Island.Two  spe- 
cies of  special  concern,  the  slcklefln  chub  and  the 
stui:geon  chub,  depend  upon  riffle  habitat  In  the  Cow 
Island  area.  Near  LandusJqr,  Jtify  flows  presently  fall 
below  5,800  ds  about  27  percent  of  the  time  and  August 
flows  fan  below  this  rate  about  49  percent  of  the  time. 
FlowsfaIlbelow4,700cfsasshownin'I^ble6-25.  Under 
the  Consumptive  Use  Alternative,  water  uses  would 
Increase  the  fiTcquerxy  of  flows  below  those  needed  to 
maintain  side-channel  and  rlSle  habitat  and  decrease 
the  periods  that  spring  flows  exceed  the  15.300  ds 
needed  for  paddleflsh  mlgratton.  Flow  reductions  imder 
the  CorriblnatlonAltematlvewoidd  worsen  aquatic  habi- 
tat conditions  to  a  lesser  degree  than  the  Consumptive 
Use  Alternative,  but  more  than  under  the  Instream  Al- 
ternative as  shown  In  Table  6-25  and  Appendix  C. 

The  pallid  sturgeon  is  an  endangered  species 
found  in  the  Missouri  River  between  the  Marias  River 
and  Fort  Peck  Dam.  At  this  time.  It  is  not  possible  to 
completely  predict  how  consumptive  water  uses  un- 
der each  of  the  three  alternatives  would  affect  this 
species  because  so  little  is  known  about 'Its  biology 
and  habitat  requirements.  It  Is  likely  that  the  U.S 
Fish  and  WUdllife  Service  would  prepare  biological 
assessments  In  conjunction  with  the  Corps  404  per- 
mit process  for  streambed  disturbance  prior  to 
project  development.  These  assessments  would  ad- 
dress adverse  effects  on  this  species. 

Pallid  sturgeon  can  hybridize  with  shovelnose 
sturgeon,  and  the  two  species  are  thought  to  use 
slmflar  spawning  areas.  A  recent  study  has  shown 
that  during  spawning,  shovelnose  sturgeon  congre- 
gate near  Boggs  Island  Just  downstream  from 
BUREC's  proposed  VlrgeUe  diversion.  The  BUREC 
project  Is  Included  under  the  Consumptive  Use  and 
Combination  alternatives.  BUREC  proposes  to  exca- 
vate the  river  bottom  for  an  infiltration  gaUery.  This 
excavation  might  lead  to  sedimentation  In  an  area 
where  shovelnose  sturgeon  spawn.  A  pallid  sturgeon 
was  captured  near  this  area  In  1978  (Clancy  1991). 
raising  the  possIbUlty  that  they  also  may  use  this 
spawning  habitat. 


Paddleflsh  also  are  known  to  congregate  at  or 
veiy  near  to  BUREC's  proposed  VlrgeUe  diversion 
during  the  spawning  season.  These  concentration 
areas  may  be  adversely  affected  by  sedimentation 
from  Instream  construction  activities.  Construction 
methods  such  as  the  use  of  sheet  pilings  for  coffer 
dams  could  be  used  to  reduce  sedimentation,  and 
constructing  during  the  low-flow  period  could  re- 
duce Impacts  to  spawning  sturgeon  and  paddleflsh. 

Judith  river  Drainage 

Flows  below  300  cfs  in  the  lower  portion  of  the 
Judith  River  sometimes  expose  rlflle  areas  but  do  not 
fafl  below  160  cfs.  which  would  expose  extensive 
riffle  areas  U^pendix  C).  Proposed  uses  under  the 
Consumptive  Use  Alternative  would  reduce  July 
flows  by  about  80  to  90  cfs  and  reduce  August  flows 
by  about  70  to  80  cfs.  further  reducing  rlflle  habitat. 
Under  the  Instream  and  Combination  alternatives, 
consumptive  water  use  would  affect  habitat  condi- 
tions but  not  to  the  point  where  extensive  riffle  dewa- 
terlng  woiold  occur  (Table  6-22). 

Project  JBI-2  would  reduce  flows  In  the  Judith 
River  above  the  confluence  of  Big  Spring  Creek  under 
the  Consumptive  Use  Alternative.  Flows  In  this  reach 
of  the  Judith  River  become  very  low  during  dry  years. 
The  diversion  structure  for  this  project  Is  located  just 
below  an  outiet  canal  from  Ackley  Lake.  In  dry  years 
flows  In  the  Judith  River,  measured  at  Utica  several 
miles  above  the  project,  would  be  reduced  fi-om  13  to 
7  cfs  and  would  adversely  affect  aquatic  habitat.  The 
effect  might  be  less  than  this  because  the  project  Is 
situated  below  the  outiet. 

Table  6-26  lists  other  sti-eams  In  the  Judith  River 
drainage  where  moderate  reductions  In  aquatic  habi- 
tat would  occur. 

Musselshell  River  drainage 

Under  the  Consumptive  Use  Alternative.  It  is  not 
possible  to  determine  aU  the  flsherles  impacts  that 
would  result  from  the  Coal  Mine  Project  (LM-20)  untfl 
the  points  of  diversion  for  land  to  be  Irrigated  have 
been  identified.  In  theory,  fisheries  could  be  affected 
ar^rwhere  in  the  basin  as  a  result  of  a  water  exchange 
that  could  result  from  the  Coal  Mine  Project.  If  the 
Coal  Mine  Project  operates  as  proposed,  it  could 
cause  an  adverse  impact  to  aquatic  habitat  by  chang- 
ing flow  patterns  In  the  MusselsheU  River  dtulng  the 
spring  and  summer.  From  October  through  Janu- 
ary, flows  would  Increase  due  to  irrigation  return 
flow,  providing  smaU  benefits  to  aquatic  habitat. 
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There  would  be  no  adverse  effects  to  aquatic  habitat 
In  the  Musselshell  drainage  under  the  Instream  or  Com- 
blnatlon  alternatives. 

Fort  Peck  Reservoir 

Various  consumptive  vises  proposed  under  all  alter- 
natives would  reduce  Fort  Peck  Reservoir  levels  by  1  foot 
or  less  (Appendix  C).  Svich  reductions  would  worsen 
already  low  water  levels  and  decrease  the  reservoir  sur- 
face area  slightly  which,  in  turn,  would  sUghtfy  decrease 
reservoir  habitat. 

WILDLIFE 

General  Impacts  and  Considerations 

Proposed  irrigation  prefects  would  affect  wildlife  by 
altering  habitat  and  decreasing  streamflows  during  the 
summer  low-flow  period.  Habitat  would  be  altered  by 
conversion  of  native  plant  communities  to  agricultural 
crops  and  ftom  loss  of  riparian  cottonwood  communi- 
ties. Reduced  streamflows  during  the  summer  growing 
season  could  stress  In-stream  and  riparian  v^etatlon 
by  lowering  groundwater  within  rooting  zones  of  plants 
adapted  to  high  groundwater  tables. 

Conversion  of  native  plant  communities  to  agricul- 
tural crops  would  deprive  birds  such  as  sharp-tailed 
grouse,  sage  grouse,  and  meadowlark  of  nesting  and 
foraging  habitat.  Some  species,  however,  woiold  use  ag- 
ricultural crops  as  an  additional  source  of  food.  Both 
sharp-tailed  grouse  and  sage  grouse  eat  alfalfa,  and 
sharp-tailed  grouse  favor  small  grains.  Field  surveys 
have  not  been  conducted  to  identify  grouse  courtship 
grounds  (leks)  and  nesting  areas  on  or  near  proposed 
projects. 

Impacts  to  sharptails  and  sage  grouse  also  could 
result  if  agricultuial  development  affects  leks.  Leks 
could  be  rendered  inactive  or  partially  Inactive  tf  they  are 
greatly  altered  or  affected  by  increased  human  or  live- 
stock activity  during  the  critical  spring  coioitship  and 
breeding  season. 

Conversion  of  native  grasslands  to  irrigated  crop- 
lands on  big  game  winter  range  could  reduce  the  amount 
of  forage  available  to  wintering  elk  and  deer.  On  winter 
range  with  native  plant  communities,  elk  and  deer  eat 
shrubs  and  dried  native  grasses  that  remain  palatable 
through  the  winter.  Conversion  of  native  shrublands 
and  grasslands  to  h^  or  other  crops  could  reduce  win- 
ter forage,  particularly  if  crops  are  harvested  late  in  the 
season.  Losses  In  native  vegetation  could  stress  wildlife 
during  the  winter  and  increase  depredation  on  crops 
and  hay.  Acreages  of  native  plant  communities  that 
would  be  converted  onblggame  winter  ranges  are  shown 
for  proposed  irrigation  projects  fTable  6-27). 


Table  6-27.  Acres  of  native  vegetation  on  big  game 
winter  ranges  converted  to  cropland 


Consumptive 

Combi- 

Use 

Instream 

nation 

Project 

Alternative 

Alternative  Alternative 

Headwaters  Subbasin 

GA35 

30 

0 

30 

GA46 

60 

0 

60 

GA79 

100 

0 

100 

GA92 

60 

0 

60 

GA110 

4- 

0 

0 

GA130 

20 

0 

0 

GA143 

8 

0 

8 

GA201 

1.990 

0 

1,990 

JV201 

3.175 

0 

0 

Subtotal 

5,447 

0 

2,248 

Upper  Missouri  Subbasin 

BR  5 

182 

182 

182 

BR  11 

60 

60 

60 

BR  35 

250 

250 

250 

BR  103 

1.700 

0 

0 

BR  104 

1.095 

0 

0 

BR  107 

140 

140 

140 

BR  108 

115 

115 

115 

BR  109 

130 

130 

130 

BR111 

40 

0 

0 

LC251 

18 

0 

0 

CS62 

59 

0 

59 

CS64 

42 

0 

42 

MEI11 

80 

0 

0 

MEI12 

165 

0 

0 

MEI20 

191 

0 

0 

Subtotal 

4.267 

877 

978 

Marlas/Teton  Subbasin 

TO  221 

66 

0 

66 

LI  91 

60 

0 

60 

TBI  20 

9 

0 

0 

CH511 

82 

0 

82 

CHI  21 

80 

80 

80 

CHI  22 

144 

144 

144 

CHI  72 

46 

0 

0 

CHI  80 

53 

0 

0 

BS31 

32 

0 

0 

Subtotal 

878 

350 

631 

Middle  Missouri  Subbasin 

CH541 

13 

0 

13 

FE81 

4 

0 

0 

FEI30 

54 

0 

54 

Subtotal 

71 

0 

67 

GRAND  TOTAL 

10,663 

1,227 

3,924 

Source:  Montana  Department  of  Fish,  Wildlife  and  Parks. 
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Increased  acreages  of  cigrlcultural  crops  would 
attract  big  game  animals,  particularly  during  the 
winter  and  spring.  Depredation  by  game  animals  on 
crops  Is  a  frequent  landowner  complaint  In  all  of  the 
Missouri  River  subbaslns.  Both  elk  and  deer  feed  on 
hay  stored  for  livestock  and  graze  on  winter  wheat 
and  alfalfa  when  it  greens  up  in  the  spring.  Prong- 
horn  also  are  attracted  to  wheat,  alfeilfa,  and  other 
broad-leafed  crops.  Wildlife  damage  to  crops  often 
requires  measures  to  frighten  animals  away  from 
problem  areas,  and  If  these  measures  are  not  suffi- 
cient, special  hunting  seasons  may  be  necessary  to 
kill  problem  animals. 

DFWP  has  identified  proposed  irrigation  projects 
with  a  high  potential  to  sustain  crop  damage  from 
wildlife  (Table  6-28).  Most  areas  identified  are  near 
or  within  existing  winter  ranges.  Existing  croplands 
and  hayflelds  near  the  proposed  Irrigation  projects 
also  have  a  history  of  game  damage  complaints. 

Bfrds  of  prey  (raptors)  could  be  affected  by  devel- 
opment of  irrigation  projects  through  disturbance 
during  the  nesting  and  brood  rearing  period  (May 
through  August).  Species  nesting  on  or  near  the 
ground,  such  as  the  northern  harrier,  ferruginous 
hawk,  and  burrowing  owl,  could  be  displaced  from 
converted  rangeland.  Tree  or  cllfT-nestlng  raptors, 
such  as  red-tailed  hawk.  Cooper's  hawk,  prairie  fal- 
con, Swalnson's  hawk,  and  golden  eagle,  also  could 
be  displaced  from  nest  sites  if  agricultural  activities 
such  as  movement  of  irrigation  structures,  plowing, 
and  cultivating  were  to  take  place  close  to  nests 
during  the  nesting  and  brood  rearing  periods.  Rap- 
tors also  could  be  electrocuted  if  they  land  on  electric 
lines  and  poles  that  supply  power  to  Irrigation 
projects  If  the  poles  and  lines  are  not  constructed  to 
prevent  raptor  fatalities.  No  comprehensive  field 
surveys  have  been  conducted  to  determine  raptor 
use  near  proposed  projects. 

Reductions  in  streamflow  due  to  increased  Irri- 
gation could  Increase  waterfowl  deaths  by  predatlon. 
Geese  and  ducks  nesting  on  Islands  would  be  more 
vulnerable  if  instream  flows  were  to  decrease  during 
the  brood  rearing  period  (March  and  April  for  geese 
and  April,  May,  and  June  for  ducks).  Most  Canada 
goose  broods  hatch  in  the  Missouri  River  during  the 
last  week  of  April  or  the  first  week  of  May,  whereas 
ducks  usually  hatch  during  the  last  of  May  and  first 
2  weeks  of  June.  Both  geese  and  ducks  would  be  less 
vulnerable  to  nest  predatlon  after  hatching. 


Impacts  to  wildlife  can  result  if  very  low 
streamflows  or  periodic  cessation  of  surface  flow  re- 
duce food  availability  and  render  aquatic  wildlife 
more  susceptible  to  predatlon.  Mink,  raccoon,  and 
river  otter  rely  on  fish,  molluscs,  amphibians,  cray- 
fish, and  other  aquatic  invertebrates  for  food.  Very 
low  flows  or  periodic  diying  up  of  streams  greatfy 
reduce  populations  of  aquatic  organisms  that  are 
food  for  mink,  raccoon,  and  otter. 

Beaver  and  muskrat  live  in  lodges  or  In  burrows 
In  banks  with  water  submerging  the  burrow  en- 
trance. Low  streamflows  Increase  the  potential  for 
burrows  to  be  entered  by  predators.  Reduced  water 
depths  In  streams  also  expose  muskrat  and  beaver 
to  Increased  predatlon  while  they  are  In  the  stream 
foraging. 

Impacts  of  municipal  water  withdrawals  on  wild- 
life would  be  negligible  except  for  Bozeman's  pro- 
posed dam  on  Sourdough  Creek.  Approximately 
1.25  miles  of  riparian  habitat  used  by  moose  and 
white- tailed  deer  would  be  inundated,  ^proximately 
118  acres  of  elk  winter  range  also  would  be  flooded 
by  the  reservofr. 

Species  of  Special  Concern 

Conversion  of  native  plant  communities  to  crop- 
lands could  destroy  nesting  habitat  of  the  following 
species  of  special  concern:  ferruginous  hawk,  up- 
land sandpiper,  long-billed  curlew,  burrowing  owl, 
mountain  plover,  bobolink,  and  Brewer's  sparrow. 

Impacts  of  the  Consumptive  Use, 
Instream,  and  Combination 
Alternatives 

Headwaters  Subbasin 

Impacts  to  big  game  animals  would  result  from 
converting  approximately  5,447  acres  of  native  veg- 
etation on  winter  range  to  cropland  under  the  Con- 
sumptive Use  Alternative  and  2.248  acres  under  the 
Combination  Alternative.  No  winter  range  would  be 
afiected  by  the  Instream  Alternative.  Cultivation  of 
areas  with  native  vegetation  would  reduce  the  abun- 
dance of  native  big  game  forage  plants. 

Under  the  Consumptive  Use  and  Combination 
alternatives,  streamflow  reductions  In  the  Boulder 
River  and  lower  Jefferson  River  probably  would  re- 
duce fish  populations.  Fish  are  a  common  food  for 
wintering  bald  eagles.  Decreases  in  fish  populations 


Table  6-28.  Irrigation  projects  likely  to  increase  game  damage  complaints 
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Spedes 

Spedes 

Spedes 

Spedes 

Spedes 

Spedes 

affected  by 

affected  by 

affected  by 

affected  by 

affected  by 

affected  by 

Consumptive 

InstrBam 

Combination 

Consumptive 

Instream 

Combination 

rrO|OCi 

Use  Alternative 

Alternative 

Alternative 

Project 

Use  Alternative 

Alternative 

Alternative 

Headwaters  Subbasin 

Marias-Teton  Subbasin 

GA92 

WrD».  MD".  A= 

None 

WTD 

BS2 

WTD.A 

None 

None 

GA151 

WTD.  MD.  Ed 

None 

WT.  MD.  E 

BS31 

WTD.A 

None 

None 

GA143 

WTD 

None 

WTD 

BS32 

WTD.A 

None 

WTD,  A 

GA79 

WTD 

l^ne 

WTD 

P0251 

MD.E 

None 

MD.E 

GA81 

WTD 

None 

WTD 

TO  211 

MD.A 

None 

None 

GA35 

MD 

None 

MD 

TO  221 

MD.A 

MD,A 

MD,A 

GA201 

MD.WTD.A 

None 

MD.  WTD.  A 

TO  341 

MD.A 

None 

MD.A 

JV25 

MD.WTD.A 

None 

MD.  WTD,  A 

TO  342 

MD.A 

None 

None 

JV95 

MD.WTD.A 

None 

MD,WTD,A 

TO  421 

MD.A 

None 

MD,A 

JV202 

WTD.  A 

None 

WTD,  A 

LI  91 

MD.A 

None 

MD,A 

JV63 

MD.WTD.A 

None 

MD.  WTD.  A 

L1 161 

MD.A 

None 

MD,A 

JV80 

MD.WTD.A 

None 

MD.WTD.A 

LI  261 

MD.A 

ttone 

MD.A 

JV81 

MD.WTD.A 

None 

MD.WTD.A 

LI  262 

MD.A 

None 

MD,A 

LI  263 

MD.A 

None 

MD.A 

Upper  Missouri  Subbasin 

TE81 

MD 

None 

Horn 

BR  11 

MD.A 

MD.A 

MD.A 

TE101 

MD 

MD 

MD 

BR  12 

MD.A 

MD.A 

MD.A 

TE281 

MD 

None 

None 

BR  14 

MD.A 

MD.A 

MD.A 

TE282 

MD 

None 

None 

BR  28 

MD.A 

MD.A 

MD.A 

TE411 

MD 

None 

None 

BR  35 

MD.  WTD,  A 

MD.WTD,A 

MD.WTD.A 

TEI20 

MD 

None 

None 

BR  44 

MD.WTD.A 

MD.  WTD.A 

MD.WTD.A 

TEi40 

MD 

None 

Nona 

BR  101 

MD.  WTD,  A 

None 

MD.WTD.A 

TE321 

MD.E 

MD.E   -_ 

MD.E 

BR  103 

MD.WTD.A 

None 

MD.WTD.A 

TEI50 

MD.E 

None 

None 

BR  106 

MD.WTD.A 

MD.  WTD.  A 

MD.WTD.A 

TEi60 

MD,E 

None 

None 

BR  107 

MD.WTD.A 

MD.  WTD.  A 

f^D.WTD.A 

TEI70 

MD,E 

None 

None 

BR  108 

MD.WTD.A 

MD.WTD.A 

MD.WTD.A 

BR  109 

MD.WTD.A 

MD.WTD.A 

MD.WTD.A 

Middle  Missouri  Subbasin 

BR  110 

A.MD 

A.MD 

MD.WTD.A 

FEI10 

MD,WTD 

MD.WTD 

Md.WTD 

BR  104 

E 

None 

None 

FEI20 

MD,  WTD,  E 

None 

None 

BR111 

E 

None 

None 

FEI30 

MD,WTD 

None 

MD.WTD 

BR  5 

WTD 

WTD 

WTD 

VAS1 

MD.A 

MD.A 

MD.A 

BR  29 

WTD 

None 

None 

• 

BR  35 

WTD 

WTD 

WTD 

BR  50 

WTD 

WTD 

WTD 

CS21 

WTD 

l^ne 

None 

a  WTD  = 

white-tailed  Deer 

CSI71 
CS471 
CS31 

WTD 
None 
WTD 

None 
None 
None 

None 
None 
None 

b  MD  =  mule  Deer 
c  A    =  antelope 
d  E    =  elk 

CS51 

WTD 

None 

None 

Source:  Montana  Department  of 

Fish,  Wildlife  and  Parks 

CS171 

WTD 

None 

None 

CS52 

WTD 

None 

None 

■  -  p                         > 

CS231 

WTD 

None 

None 

CSI81 

WTD 

None 

WTD 

1 
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mjght  cause  bald  eagles  to  move  to  areas  with  higher 
flsh  populations  or  cause  them  to  shift  their  diet  to 
other  winter  foods  such  as  carrion,  rodents,  or  wa- 
terfowl. Because  bald  eagles  are  mobile  and  eat  a 
variety  of  foods,  impacts  of  seasonally  reduced 
streamflows  and  associated  reductions  In  fish  popu- 
lations would  be  negligible. 

Upper  Missouri  Subbasin 

Under  the  Consumptive  Use  Alternative,  impacts 
to  big  game  animals  would  be  caused  by  convert- 
ing approximately  4,267  acres  of  native  vegetation 
on  winter  range  to  cropland;  978  acres  would  be 
converted  under  the  Combination  Alternative,  and 
877  acres  would  be  converted  under  the  Instream 
Alternative.  This  conversion  could  reduce  the  abun- 
dance of  natural  winter  foods  of  big  game  jmimals 
(Table  6-27). 

According  to  DFWP  (1989a),  the  following  In- 
stream flows  are  necessaiy  to  protect  nesting  Canada 
geese:  3,550  cfs  for  the  Missouri  River  between 
Holter  Lake  and  Great  Falls  and  4,887  cfs  for  the 
Missouri  FUver  between  Great  Falls  and  the  conflu- 
ence with  the  Marias  River. 

Under  present  streamflow  conditions,  flows  in 
the  Missouri  River  from  Holter  Lake  to  Great  Falls  are 
Inadequate  to  protect  nesting  geese  2  out  of  10  years 
in  March  and  1  out  of  10  years  in  April,  May,  and 
June.  With  the  Consumptive  Use  and  Combination 
alternatives,  Instream  flows  would  be  too  low  to  pro- 
tect goose  nests  2  out  of  10  years  during  March,  May, 
and  June.  Reservations  included  under  the  Instream 
Alternative  would  have  little  effect  on  nesting  geese. 

Marias/Teton  Subbasin 

Irrigation  projects  included  under  the  Consump- 
tive Use  Alternative  would  cause  impacts  to  big  game 
animals  by  converting  approximately  878  acres  of 
native  vegetation  on  winter  range  to  cropland  (Table 
6-27),  compared  to  631  acres  under  the  Combina- 
tion Alternative,  and  350  acres  under  the  Instream 
Alternative.  Losses  In  winter  forage  would  result 
from  removal  of  native  shrubs  and  grasses. 

A  sage  grouse  lek  in  Pondera  County  (PO-91) 
would  be  affected  under  the  Consumptive  Use  Alter- 
native, but  this  project  is  not  Included  under  the 
Instream  and  Combination  alternatives. 

Streamflows  in  the  Marias  River  below  Tiber  Res- 
ervoir have  been  too  low  for  maximum  protection  of 


goose  nesting  5  out  of  10  years  during  March.  April, 
and  May.  Projects  included  under  the  Consumptive 
Use.  Combination,  or  Instream  alternatives  would 
not  change  existing  conditions  for  protection  of  goose 
nesting  on  the  Marias  River. 

Grizzly  bear  habitat  along  the  Teton  River  would 
be  altered  by  projects  TEI-70.  TEI-60,  and  TEI-50 
which  are  included  In  only  the  Consumptive  Use 
Alternative.  Converting  1,136  acres  of  native  vegeta- 
tion to  cropland  probably  would  have  minor  impacts 
on  grizzly  bear.  Grizzly  bears  periodically  using  the 
Teton  River  floodplalii  as  a  feeding  and  movement 
corridor  typically  have  home  ranges  of  87  to  318 
square  miles  (55,680  to  203,520  acres)  (Interagency 
Grizzly  Bear  Committee  1987).  The  area  that  would 
be  converted  from  native  vegetation  would  comprise 
only  about  0.5  to  2.0  percent  of  grizzly  bear  home 
range  in  this  area. 

Middle  Missouri  Subbasin 

Sufficient  information  on  the  location  of  project 
land  for  BUREC's  Virgelle  diversion  is  not  available 
to  allow  detailed  analysis  of  wildlife  and  vegetation 
Impacts.  It  is  anticipated  that  a  complete  EIS  would 
be  required  prior  to  project  construction. 

The  Consumptive  Use,  Combination,  and  In- 
stream alternatives  would  cause  minor  Impacts  to 
big  game  animals  by  converting  less  than  75  acres  of 
native  vegetation  on  winter  range  to  cropland  In  this 
subbasin  (Table  6-27). 

Construction  of  irrigation  pumping  facilities  on 
rivers,  streams,  and  reservoirs  in  this  subbasin  un- 
der the  Consumptive  Use.  Instream,  and  Combina- 
tion alternatives  might  adversely  affect  nesting  of 
endangered  least  tern  and  threatened  piping  plover. 
Field  studies  have  not  been  conducted  to  determine 
if  these  species  are  present  near  proposed  irrigation 
projects. 

VEGETATION 

General  Impacts  and  Considerations 

Impacts  to  vegetation  would  result  from  replace- 
ment of  natural  plant  communities  with  agricultural 
crops,  inundation  of  riparian  and  upland  communi- 
ties by  reservoirs,  and  increased  proliferation  of  nox- 
ious weeds.  Conversion  of  native  plant  communities 
to  crops  would  remove  trees  and  shrubs  in  riparian 
areas  and  grassland  and  sagebrush-grasslands  on 
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upland  sites.  Removal  of  plant  communities  would 
decrease  food  and  cover  fopmany  species  of  wildlife, 
increase  the  potential  for  soil  erosion,  and  detract 
from  aesthetic  and  recreational  qualities  of  some 
areas. 

Construction  of  a  reservoir  on  Sourdough  Creek 
for  the  Bozeman  municipal  water  supply  and  an- 
other on  Cut  Bank  Creek  (CH-181)  would  flood  a 
total  of  about  120  acres  of  native  plant  communities. 
Riparian  and  upland  communities  would  be  lost  and 
unvegetated  mudflats  would  be  created  by  reservoir 
drawdowns.  These  unvegetated  areas  would  have  a 
high  potential  for  invasion  by  weeds  when  reservoir 
levels  are  lowered.  There  would  be  little  potential  for 
growth  of  desirable  shoreline  plants  such  as  willows, 
sedges,  and  rushes,  due  to  the  seasonal  fluctuations 
in  water  levels.  Control  of  noxious  weeds  may  be 
required  on  and  along  reservoir  shorelines. 

Riparian  and  wetland  plant  communities  could 
become  stressed  due  to  moisture  deprivation,  spe- 
cies diversity  would  be  lost,  and  population  compo- 
sitions would  be  changed  by  altered  groundwater 
levels  brought  about  by  streamflow  depletions.  Di- 
version of  surface  water  for  irrigation  would  reduce 
streamflows  and  shallow  groundwater  levels  under 
floodplains. 

Wetland  species  such  as  sedges  and  rushes  typi- 
cally grow  along  small  streams  on  soil  saturated  by 
groundwater  within  6  Inches  to  1  foot  of  the  soil 
surface.  Cottonwoods.  willows,  green  ash.  and  other 
broad-leafed  species  typically  growing  along  larger 
rivers  and  streams  require  groundwater  within  their 
root  zones  during  the  growing  season.  Substantial 
decreases  in  streamflow  that  would  lower  shallow 
groundwater  levels  below  the  root  zones  of  riparian 
and  wetland  plant  communities  would  stress  or  kill 
some  of  these  plants.  The  severity  and  extent  of 
stress  would  depend  on  the  frequency  and  duration 
of  low  water  periods. 

It  is  difficult  to  predict  the  impacts  of  streamflow 
depletions  on  mature  riparian  cottonwood  commu- 
nities. Observations  of  riparian  forests  along  the 
Musselshell  and  Teton  rivers,  two  streams  with  a 
history  of  dewaterlng,  do  not  indicate  that  low 
streamflows  have  adversely  affected  cottonwood  and 
other  riparian  communities.  DFWP  wrote  in  its  ap- 
plication for  instream  flow  reservations  that  "The 
Musselshell  River  provides  one  of  the  richest  and 
most  diverse  riparian  ecosystems  in  Montana."  Ap- 
parentfy,  the  diverse  riparian  communities  continue 


to  thrive  in  spite  of  severe  streamflow  reductions  on 
a  regular  basis. 

It  is  unlikely  that  any  of  the  alternatives  would 
significantly  affect  tree-dominated  riparian  commu- 
nities along  major  rivers  and  streams;  however,  ad- 
verse impacts  on  wetland  and  riparian  species  may 
occur  on  small  streams  and  springs  that  would  be 
severely  dewatered  in  2  out  of  10  years.  Many  ripar- 
ian areas  along  small  streams,  which  do  not  regu- 
larly have  spring  floods,  are  vegetated  by  wet  mead- 
ows of  sedges,  rushes,  and  grasses.  These  shallow- 
rooted  plants  would  suffer  from  lack  of  water  if  stream 
surfaces  were  to  drop  as  little  as  6  inches  during  the 
growing  season.  Stressed  by  frequent  low  water 
conditions,  moisture-loving  plants  eventusilly  would 
be  replaced  by  plants  with  greater  drought  tolerance. 
Plants  likely  to  increase  on  dewatered  riparian  areas 
and  wetlands  Include  Kentuclqr  bluegrass.  western 
wheatgrass,  foxtail  barley,  burdock,  and  other  forbs 
and  grasses  adapted  to  intermediate  soil  moisture 
levels. 

Sensitive  Species 

No  Montana  plants  are  federally  listed  as  threat- 
ened or  endangered  species,  so  none  would  be  af- 
fected by  the  water  reservations.  Eleven  plants  con- 
sidered by  the  Montana  Natural  Heritage  Program  to 
be  imperiled  or  rare  in  Montana  may  grow  on  some 
areas  that  would  be  converted  to  cropland  (Table  4- 
32);  however,  field  surveys  of  proposed  projects  have 
not  been  conducted  to  determine  whether  specific 
sensitive  plant  populations  would  be  affected. 

The  Montana  Natural  Heritage  Program  also  is  In 
the  process  of  identifying  and  designating  native 
plant  communities  that  may  be  rare  or  imperiled  in 
Montana.  Sufficient  data  do  not  yet  exist  to  deter- 
mine whether  any  rare  or  imperiled  pkint  communi- 
ties would  be  affected  by  the  proposed  projects. 

Conversion  of  native  plant  communities  would 
increase  the  risk  of  spreading  noxious  weeds.  Re- 
moval of  native  vegetation  and  soil  cultivation  pro- 
vide favorable  growing  conditions  for  noxious  weeds 
which  Eire  effective  invaders  of  disturbed  sites.  Nox- 
ious weeds  also  become  established  from  planting  of 
croplands  with  seeds  contaminated  with  noxious 
weed  seeds.  Weeds  growing  from  seeds  unintention- 
ally planted  on  croplands  could  spread  to  adjacent 
noncultlvated  native  plant  communities.  On  crop- 
land, weeds  reduce  plant  yields.  On  rangeland.  they 
reduce  the  abundance  of  native  plant  species.  Weed 
control  could  be  necessaiy  on  both  types  of  land. 
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Currently,  the  most  effective  method  of  noxious 
weed  control  is  by  application  of  herbicides.  Herbi- 
cides applied  to  kill  noxious  weeds  also  may  kill  other 
desirable  nontaiget  plants  which  provide  food  and 
habitat  for  wildlife. 

HISTORICAL, 

ARCHAEOLOGICAL,  AND 

PALEONTOLOGICAL 

RESOURCES 

General  Impacts  and  Considerations 
for  the  consumptive  use,  instream, 
AND  Combination  Alternatives 

The  most  likely  impacts  to  historical,  archaeo- 
logical, or  paleontological  resources  would  be  the 
loss  of  information  or  site  qualities  through  indirect 
or  direct  site  disturbance  when  irrigation  or  munici- 
pal projects  are  developed.  The  potential  for  this  loss 
is  greatest  on  undisturbed  rangeland  and 
pastureland.  Impacts  would  be  considered  signifi- 
cant when  the  lost  Information  has  the  potential  to 
provide  further  understanding  of  the  past  or  where  a 
site  would  be  disturbed,  destroyed,  or  altered  to  the 
point  that  it  would  no  longer  be  eligible  for  listing  on 
the  National  Register  of  Historic  Places.  Direct  dis- 
turbance could  occur  through  cultivation  or  irriga- 
tion and  during  construction  of  wells,  canals,  pipe- 
lines, and  diversion  structures.  Indirect  disturbance 
may  occur  through  Increased  wind  or  water  erosion 
resulting  from  cultivation  or  Irrigation.  Other  indi- 
rect effects  such  as  vandalism  or  unauthorized  col- 
lection of  artifacts  are  less  likely  because  most 
projects  would  be  on  private  land  and  access  would 
be  restricted. 

There  is  some  potential  for  new  site  discovery 
during  project  development,  particularly  for  projects 
on  undisturbed  rangeland  or  pasture.  The  potential 
for  Impacts  could  be  reduced  by  a  qualified  archae- 
ologist or  historian  collecting  and  recording  impor- 
tant information. 

Under  the  Montana  Antiquities  Act,  the  Depart- 
ment of  State  Lands  would  be  required  to  evaluate 
sites  on  state  land  and  devise  methods  to  retrieve  or 
protect  the  Information.  Under  the  National  Historic 
Preservation  Act  and  the  Archaeological  and  Historic 
Preservation  Act,  BLM  or  other  federal  land-  manag- 
ing agencies  would  evaluate  sites  on  federal  land  and 
devise  methods  to  retrieve  or  protect  the  Information 
contained  there.  Sites  on  private  land  would  not  be 
evaluated  unless  the  landowners  have  it  done. 


Adverse  effects  on  paleontological  resources 
would  result  If  fossils  of  scientific  importance  were 
lost.  Most  of  the  areas  affected  by  the  proposed 
projects  have  not  been  inventoried  for  paleontologi- 
cal resources.  Most  of  the  significant  fossil  discovery 
In  the  basin  Is  outside  of  the  proposed  projects. 
Project  development  could  lead  to  discovery  of  new 
fossil  sites.  Discovery  of  new  sites  that  contribute 
knowledge  of  vertebrate  species  and  plant  or  other 
life  forms  would  be  a  beneficial  effect  if  the  Informa- 
tion contained  at  such  sites  were  recovered. 

The  reservation  of  water  for  instream  flow  pur- 
poses would  have  no  foreseeable  effects  on  historical, 
archaeological,  or  paleontological  resources  beyond 
those  occurring  at  present.  Except  as  otherwise 
noted,  municipal  reservations  would  not  affect 
known  resources. 

IMPACTS  OF  THE  CONSUMPTIVE  USE, 
INSTREAM,  AND  COMBINATION 
ALTERNATIVES 

GALLATIN  RIVER  DRAINAGE 

No  known  archaeological,  historical,  or  paleon- 
tological sites  would  be  affected  by  Irrigation  projects 
under  the  Consumptive  Use.  Instream,  or  Combina- 
tion alternatives.  Both  Bozeman  and  Belgrade  have 
sites  listed  on  the  National  Register  of  Historic  Places, 
but  none  of  these  would  be  directly  affected.  Several 
sites  are  located  near  the  City  of  Bozeman's  proposed 
project,  but  additional  fieldwork  would  be  required 
to  determine  the  importance  and  whether  retrieval  of 
Information  and  artifacts  Is  necessary.  Irrigation 
projects  developed  under  the  Consumptive  Use  and 
Combination  alternatives  could  result  in  discovery  of 
new  sites  during  conversion  of  pasture  or  rangeland 
to  irrigated  cropland.  None  of  these  projects  are 
Included  under  the  Instream  Alternative. 

MADISON  RIVER  DRAINAGE 

Table  6-29  lists  five  historical  and  archaeological 
sites  affected  In  the  Madison  drainage  by  project  GA- 
201  under  the  Consumptive  Use  and  Combination 
alternatives.  Known  sites  are  located  on  land  man- 
aged by  BLM,  DFWP,  or  private  landowners.  Several 
sites  are  on  DFWP  land  used  for  public  access  to  the 
Madison  River.  Most  potential  Impacts  could  be 
avoided  by  locating  the  proposed  diversion  and  pipe- 
line off  the  sites.  No  sites  have  been  recorded  in  the 
5,900  acres  of  cultivated  land  In  project  GA-201. 
New  sites  might  be  found  in  the  2,000  acres  of 
pastureland  that  is  to  be  converted  to  irrigation. 
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Significant  fossil-bearing  formations  rise  above 
ground  surface  to  the  north  and  south  of  the  project. 

The  Instream  Alternative  would  not  Include 
project  GA-201,  resulting  In  no  impacts. 

JEFFERSON  AND  BOULDER  DRAINAGES 

Known  archaeological  or  historical  sites  could  be 
affected  under  the  Consumptive  Use  Alternative  by 
three  Irrigation  projects  in  the  Jefferson  drainage 
fTable  6-30).  Projects  BR-101.  JV-201.  and  JV-203 
Include  parcels  of  state-owned  land  that  may  require 
evaluation  under  the  Montana  Antiquities  Act.  In 
particular,  BR- 101.  which  would  be  developed  under 
either  the  Consumptive  Use  or  Combination  alterna- 
tives, proposes  to  Irrigate  public  and  private  land 
included  In  the  Three  Forks  of  the  Missouri  National 
Historic  Landmark.  Adjustment  of  proposed  project 
boundaries  to  avoid  this  site  would  minimize  the 
potential  for  effects.  Projects  JV-80.  JV-8 1 .  and  JV- 
202,  are  located  in  townships  known  to  contain 
significant  fossil  bearing  formations  exposed  at  the 
surface. 

No  archaeological,  historical,  or  paleontological 
sites  are  known  to  exist  on  the  proposed  irrigation 
projects  in  the  Boulder  River  drainage. 


Big  Hole,  Beaverhead,  Ruby,  and  red  Rock 
RIVER  Drainages 

No  effects  on  known  historical,  archaeological,  or 
paleontological  sites  are  foreseeable  in  these  drain- 
ages under  any  of  the  alternatives. 

Missouri  River  Drainage  - 
Three  Forks  to  holter  dam 

The  proposed  reservations  and  irrigation  projects 
along  this  segment  are  located  on  the  benches  and 
uplands  above  Canyon  Ferry  Reservoir,  along  the 
Missouri,  and  in  the  drainage  of  Deep  Creek  and 
Spring  Creek,  tributaries  to  the  Missouri  River.  These 
landscapes  have  a  high  potential  for  containing  pre- 
historic and  historic  resources  which  might  provide 
valuable  information  on  historical  and  prehistoric 
peoples.  Known  sites  potentially  affected  by  develop- 
ment of  irrigation  projects  under  the  Consumptive 
Use  Alternative  are  shown  in  Table  6-3 1 .  Several 
projects  are  proposed  near  areas  where  fossilized 
mammal  teeth  have  been  found.  Construction  of 
diversion  facilities  and  pipelines  for  projects  BR-28, 
BR-29,  and  BR-211  would  directly  disturb  known 
fossil  areas  on  BUREC  land.  Further  study  would  be 
required  to  determine  the  significance  of  this  distur- 
bance. 


Table  6-29.  Summary  of  known  historical  and 
archaeological  sites  potentially  affected  by  irrigation 
reservation  (GA-201)  on  the  Madison  River  drainage 


Project        Site 
number     number 


Site  Type 


Location 


GA-201       24GA0761        lithic  scatter"  diversion/pipeline 

24GA0762       rock  caim,  tipi  pipeline 
rings,  lithic  scatter 

24GA0634       lithic  chipping  pipeline 
stationMookout 

24GA0757      lithic  scatter  diversion 

24GA0759       historic  dugout  diversion 


a   Lithic  scatter  may  include  rock  chips  produced  during  tool  making, 
or  finished  tools  such  as  arrowheads,  spear  points,  or  scrapers. 

Source:  Montana  Historical  Society  1988-1991  and  University  of 
Montana  1991 


Table  6-30.  Summary  of  known  historical  and 
archaeological  sites  potentially  affected  by  Irrigation 
reservations  on  the  Jefferson  River  drainage 


Project        Site 
number     number 


Site  Type 


Location 


BR-101       24GA0212       Three  Forks  of  the        infield 
Missouri  -  Natbnal 
Historic  Landmark 


24GF0062       rock  pile 


infield 


JV-201        24MA0717       historic  Dry  Boulder      borders  field 
Creek  bridge 


JV-203       24JF0755        prehistoric 

occupatbn  site 


borders  field 


Source:  Montana  Historical  Society  1988-1991  and  University  of 
Montana  1991 
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Table  6-31.  Historical,  archaeological,  and 
paleontologlcal  sites  within  areas  affected  by  the 
irrigation  projects  proposed  by  Broadwater  and  Lewis 
and  Clark  conservation  districts 


Project        Site 
number     number 


Site  Type 


Location 


BR-11        24BW0256      lithe  quarry  borders  field 

24BW0292      Oligocene/  diversion/pipeline 

Micx^ene  fossils 

BR-14        24BW0047  tipi  rings  pipeline 

24BW0054  lithic  scatter"  borders  field 

BR-28        24BW0202  Miocene  fossils  diversbn/jpipeline 

BR- 108      24BW1043  tipi  ring  borders  field 

BR-109      24BW0291  Oligocene  fossils  pipeline 

BR-110      24BW0033  lithic  scatter  pipeline 

BR-111      248W0499      historic  pipeline 

Broadwater/ 
Missouri  Canal 

LCI-10       24LC1030       tipi  ring/  pipeline/field 

occupation  site 

a  Lithic  scatter  may  include  rock  chips  prcxJuced  during  tool  making, 
or  finished  tools  such  as  arrowheads,  spear  points,  or  scrapers. 

Source;  Montana  Historical  Society  1988-1991  and  University  of 
Montana  1991 


For  the  Instream  and  Combination  altemattves, 
historical,  archaeological,  and  paleontological  im- 
pacts would  be  similar  to  those  described  under  the 
Consumptive  Use  Alternative,  except  that  BR-111 
would  not  be  developed  and  its  impacts  would  not 
occur. 

Missouri  river  drainage  - 
HOLTER  Dam  to  Belt  Creek 

Irrigation  projects  are  located  on  the  floodplains 
and  terraces  above  stream  courses  where  there  is 
potential  for  historical  and  archaeological  resources. 

Under  the  Consumptive  Use  Alternative,  project 
C5-541  would  affect  site  24CA0285.  a  prehistoric 
campsite.  Project  CSl-35  could  affect  site  24CA0036. 
a  lithic  scatter.  Project  LC-11  is  near  two  historic 
sites— 24LC0757  and  24LC0758— but  development 


of  the  project  is  not  likely  to  affect  these  sites.  DNRC 
field  visits  identified  remnants  of  another  historic 
site  on  private  land  in  the  vicinity  of  this  proposed 
project  diversion.  The  discovered  site  is  believed  to 
be  a  location  where  ice  was  made  for  use  in  the  city 
of  Helena  prior  to  the  use  of  electric-powered  refrig- 
erators. Additional  field  work  would  be  required  to 
determine  the  significance  of  this  site  and  record  any 
important  information  that  could  be  lost  through 
project  development.  No  sites  listed  on  the  National 
Register  of  Historic  Places  or  determined  to  be  eli- 
gible for  listing  would  be  affected,  nor  would  known 
paleontological  sites. 

Impacts  of  project  CS-541  on  cultural  resources 
under  the  Instream  and  Combination  alternatives 
would  be  similar  to  those  under  the  Consumptive 
Use  Alternative.  The  Instream  Alternative  would 
include  LC- 11  and  have  similar  impacts.  The  Com- 
bination Alternative  would  include  CS-35  and  would 
have  effects  similar  to  those  under  the  Consumptive 
Use  Alternative.  No  other  cultural  resources  would 
be  affected  under  either  the  Instream  or  Combina- 
tion alternatives. 

Dearborn  River  drainage 

Under  the  Consumptive  Use  and  Combination 
alternatives,  project  LCl-20  would  be  developed  on 
private  land  on  a  bench  above  the  floodplain  of  the 
Dearborn  River.  A  number  of  archaeological  sites 
were  identified  nearby,  and  site  24LC0632,  an  exten- 
sive tipi  ring  complex,  is  located  within  the  area  of 
proposed  irrigation  and  would  be  destroyed.  Further 
field  work  would  be  required  to  determine  the  extent 
of  the  site  and  the  si^ilficance  of  information  con- 
tained there.  The  proposed  project  would  be  devel- 
oped on  private  land.  Under  the  Instream  Alterna- 
tive, project  LCI-20  would  not  be  developed. 

Smith  river  drainage 

The  proposed  projects  would  be  developed  along 
the  floodplains  and  terraces  of  the  Smith  River  and 
its  tributaries.  The  area  surrounding  the  confluence 
of  the  Smith  and  Missouri  rivers  was  used  exten- 
sively by  historical  and  prehistoric  people  and  is 
expected  to  yield  significant  infonnatlon  regarding 
them.  There  are  a  number  of  recorded  historic  and 
prehistoric  sites  in  the  area,  though  most  sites  would 
not  be  affected  by  the  proposed  irrigation  under  the 
Consumptive  Use  and  Combination  alternatives. 
Because  of  the  past  activities  believed  to  have  oc- 
curred In  this  area,  new  sites  may  be  found.  Table  6- 
32  lists  the  known  sites  that  would  be  affected  by  the 
irrigation  projects. 
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Project  MEI- 1 1  is  located  wlthlh  a  township  hav- 
ing exposed  geological  formations  known  to  produce 
fossils,  but  It  Is  not  known  whether  fossil-bearing 
formations  are  present  at  the  surface  In  areas  af- 
fected by  the  proposed  project. 

The  Instream  Alternative  would  exclude  piDject 
CS-71  from  the  reservation  process,  avoiding  im- 
pacts to  site  24CA0070,  a  llthic  scatter.  Under  the 
Instream  Alternative,  the  potential  for  new  site  dis- 
covery exists  where  irrigation  projects  would  develop 
pasture  or  rangeland. 

Sun  River  drainage 

The  proposed  projects  are  located  on  the  flood- 
plains  and  terraces  of  the  Sun  River  and  its  tributar- 
ies. These  landscapes  have  high  potential  to  contain 
sites  with  historical  and  prehlstorlcal  information 
about  past  use  of  the  area.  Much  of  the  area,  is 
privately  owned  and  has  not  received  a  detailed  cul- 
tural resource  survey.  Projects  proposed  under  the 
Consumptive  Use  or  Combination  alternatives  that 
would  affect  known  sites  are  indicated  in  Table  6-33. 

Four  projects  in  this  drainage  are  near  locations 
known  to  produce  fossils.  The  Kootenai  Formation 
has  produced  fossilized  plants  in  outcrops  near  Belt 
Creek.  Projects  CSI-92  and  CSI-200  are  located 
within  the  township  where  this  formation  is  known 
to  outcrop.  The  Blackleaf  Formation  is  known  to 
produce  invertebrate  fossils.    Projects  TEI-90  and 


TEI-100  are  located  within  the  township  where  this 
formation  is  exposed. 

Under  the  Instream  Alternative,  only  one  project 
would  affect  a  known  archaeological  site.  Project 
CSI-92  would  affect  site  24CAD074.  a  prehistoric  oc- 
cupation site.  Like  other  development  alternatives, 
irrigation  projects  proposed  on  pasture  or  rangeland 
may  result  In  discovery  of  new  archaeological  sites. 
As  with  other  alternatives,  projects  CSI-92  and  CSI- 
200  would  be  developed  In  townships  where  the 
Kootenai  Formation  is  found  at  the  surface. 

BELT  Creek  Drainage 

No  known  historical,  archaeological,  or  paleon- 
tologlcal  resources  would  be  affected  by  the  develop- 
ment of  reservations  under  the  Consumptive  Use, 
Instream,  or  Combination  alternatives  In  this 
drainage. 

Marias  River  Drainage 

While  the  landscapes  surrounding  the  Marias 
River  and  its  tributaries  have  potential  to  contain 
historical  and  archaeological  remains,  few  known 
sites  would  be  affected  by  development  of  the  pro- 
posed projects.  Table  6-34,  Marias  River,  lists  the 
irrigation  projects  under  the  Consumptive  Use  that 
might  affect  known  resources.  Project  LI-261,  in- 
cluded In  the  Consumptive  Use  and  Combination 
alternatives.  Is  located  near  several  sites  but  would 
not  directly  affect  most  of  them  if  field  boundaries  are 


Table  6-3Z  Archaedogicai  sites  potentially  affected  by  the 
irrigation  projects  proposed  in  the  Smith  River  drainage 


Project        Site 
number     number 


Site  Type 


Location 


CS-61  24CA0023  buffabjump  field  overlaps 

CSI-102  24CA0285  lithic  scatter  field  overlaps 

CS-331  24CA0016  buffabjump  neartiy  field 

CS-71  24CA0070  lithic  scatter  nearby  field 

CSI-120  24CA0040  buffabjump  at  edge  of  field 


Source:  Montana  Historical  Society  1988-1991  and  University  of 
Montana  1991 


Table  6-33.  Historical  and  arciiaeologlcal  sites  potentially 
affected  by  projects  in  tfie  Sun  River  drainage 


Project        Site 

number     number  Site  Type 


Location 


CSI-92       24CA0074       prehistoric  overlaps  field 

oocupatbn  site 

CS-471      24CA0241       historic  wooden      edge  of  field 
bridge 

24CA0243       historic  wooden      edge  of  field 
bridge 

TEI-100     24LC0177       rock  alignment/      edge  of  field 
tlpi  ring/hearth 

Source:  Montana  Historical  Society  1988-1991  and  University  of 
Montana  1991 
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located  with  sites  In  mind.  Project  BSS-2.  Included 
only  In  the  Consumptive  Use  Alternative,  would  Irri- 
gate a  large  but  disturbed  lithic  scatter  site  in  a 
cultivated  field.  Project  TO-221  and  its  Impacts 
would  occur  under  all  alternatives. 

Teton  river  drainage 

Projects  proposed  in  this  drainage  are  located  on 
the  floodplains  and  terraces  above  the  Teton  River 
and  its  tributaries.  While  these  landscapes  have 
potential  to  contain  historical  and  archaeological 
artifacts,  a  data  search  indicates  most  are  located 
outside  the  boundaries  of  the  proposed  develop- 
ments. Under  the  Consumptive  Use  Alternative, 
construction  of  the  proposed  pipeline  for  project  TEl- 
70  could  affect  site  24Tr0039.  a  series  of  tipl  rings.  A 
field  examination  of  the  proposed  route  would  be 
required  to  minimize  the  potential  for  impacts  at  this 
site.  No  known  sites  would  be  affected  under  either 
the  Instream  or  Combination  alternatives. 

Missouri  river  drainage  - 
Belt  creek  to  fort  peck  reservoir 

The  proposed  projects  in  this  subbasln  are  lo- 
cated on  the  floodplains  and  terraces  of  the  Missouri 


Table  6-34.  Historical  and  archaeological  sites 
potentially  affected  by  Irrigation  reservations  In  the 
Marias  River  drainage 


Project 
number 

Site 
number 

Site  Type 

Location 

LI-261 

24LT0027 

cairns 

in  field 

24LT0029 

cairns 

near  pipeline  route 

24LT0030 

cairns 

borders  field 

24LT0032 

hiearth/roast  pit 

borders  pipeline 

24LT0033 

cairns 

borders  field 

24LT0034 

cairns 

edge  of  field 

TO-221 

24TL0077 

tipi  ring/cairn/ 
lithic  scatter 

unknown 

BS-31 

24CH0381 

iithic  scatter 

unknovwi 

BSS-2 

24CH0458 

lithic  .scatter 

in  field 

Source:  Montana  Historical  Society  1988-1991  and  University  of 
Montana  1991 

River  and  tributary  streams,  and  Big  Sag,  Shonktn, 
Highwood,  and  Cut  Bank  creeks.  Few  of  the  pro- 
posed projects  would  affect  known  sites.  No  sites 
listed  on  the  National  Register  of  Historic  Places  or 
determined  eligible  for  listing  would  be  affected  by 
the  proposed  projects.  The  sites  potentially  affected 
under  the  Consumptive  Use  Alternative  are  listed  in 
Table  6-35,  Middle  Missouri  Subbasln.  Known  site 
density  is  high  in  the  area  about  1  mile  upstream 
from  the  confluence  of  the  Missouri  and  Judith  riv- 
ers, the  area  of  project  FEl-10.  One  site.  Old  Fort 
Claggett,  is  listed  on  the  Register  of  Historic  Places, 
and  is  within  1/2  mfle  of  the  proposed  project.  While 
no  direct  impacts  to  this  site  are  expected,  other 
associated  sites  located  next  to  or  within  boundaries 
of  the  proposed  project  may  be  affected.  Additional 
fieldwork  would  be  required  to  determine  the  degree 
of  encroachment  upon  boundaries  of  known  sites. 
Given  the  density  of  known  sites  and  use  of  this  area 
in  the  past,  new  sites  could  be  discovered. 

The  Instream  Alternative  includes  projects  FEI- 
10,  CHl-21.  CH-21.  CH-22,  and  CHl-40,  and  these 
would  have  the  same  effects  as  they  would  have 
under  the  Consumptive  Use  Alternative.  The  Combi- 
nation Alternative  would  affect  the  same  sites  as  the 
Consumptive  Use  Alternative  with  the  exception  of 
CHS-6  which  would  not  be  developed. 

Judith  River  Drainag^ 

Project  land  lies  on  the  plains  and  terraces  of  the 
Judith  River  and  its  tributaries.  A  search  of  known 
sites  indicates  that  the  proposed  projects  would  not 
affect  historical  or  archaeological  resources.  All  al- 
ternatives include  pro)  ects  FE-67 1 ,  FE-672 ,  and  FE- 
673.  These  projects  would  be  developed  adjacent  to 
site  24FR0411.  which  records  the  location  of  the 
Chicago  and  MUwaukee  Railroad.  Much  of  the  rail- 
road as  it  passes  by  the  proposed  irrigation  projects 
has  been  rebuUt  and  is  now  used  by  the  Burlington 
Northern  Railroad.  No  effects  would  occur  as  a  result 
of  development  of  the  projects  as  proposed. 

MUSSEl-SHELL  RiVER  DRAINAGE 

Project  LM-20  would  not  affect  any  cultural  sites 
on  file  with  SHPO.  The  abandoned  coal  mines  serv- 
ing as  the  water  source  for  this  project  may  have 
some  historic  significance  but  have  not  been  for- 
mally evaluated.  Land  to  be  Irrigated  has  not  been 
identified  so  aity  historical  or  archaeological  sites 
affected  are  not  known.  Project  LM-20  would  not  be 
developed  under  the  Combination  and  Instream  al- 
ternatives. 
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Table  6-35.  Historical  and  archaeological  sites 
potentially  affected  by  proposed  Irrigation  projects  In 
the  Middle  Missouri  Subbasin* 


Project        Site 
number    number 


SKeTVpe 


Location 


FEI-10  24FR0202 
24FR0204 
24FR0206 
24FR0207 
24FR0208 
24FR0211 

24FR0214 
FEI-30  24FR0201 
CH-21  24CH0179 
CH-211  24CH0292 
CH-511  24CH0284 
CHI-22      24CH0484 

CHI^      24CH0215 

24CH0343 

CHS-6       24CH0181 

24CH0182 
24CH0210 

24CH0585 


lithic  scatter 

historic  Camp  Cook 

possible  burial  site 

possible  burial  site 

campsite 

historic  wooden 
irrigation  pipe 

trading  post/midden 

tipiring 

prehistoric  campsite 

historical  travel  route 

lithic  workshop 

historic  Churchill 
homestead 

caimAipi  ring/ 
hearth 

lithic  scatter/ 
white  site 

prehistoric  lithic 
workshop 

prehistoric  camp 

kill  site/ 

rock  alignment 

Great  Northern 
Railroad/ statbn 
houses 


nearby 
nearty 
borders  field 
borders  fiekl 
borders  fiekJ 
in  field 

at  diversbn 
in  field 

overlaps  field 
unknown 
unknown 
overlaps  f  ieti 

nearby 

borders  f  ieki 

near  diversion 

at  diversbn 
borders  pipeline 

borders  fiekj 


a  Table  does  not  include  sites  affected  by  the  Bureau  of 
Reclamation's  proposed  Virgelle  reservation. 

Source:  Montana  Historical  Society  1988-1991  and  University  of 
Montana  1991 


FORT  PECK  RESERVOIR  AND  SMALL  TRIBUTARIES 

Project  VAS- 1  would  Irrigate  the  uplands  between 
Milk  River,  Fort  Peck  Reservoir,  and  the  Missouri 
River  under  all  three  alternatives.  Much  of  this  land 
(23,000  acres)  is  under  cultivation.  A  search  of 
records  maintained  by  the  State  Historic  Preserva- 
tion Office  Indicates  the  project  would  affect  only 
known  sites  listed  in  Table  6-36.  Additional  fleldwork 
would  be  required  to  determine  the  effects  develop- 
ment would  have  on  these  sites. 

Portions  of  the  project  would  disturb  pasture  or 
rangeland  which  could  lead  to  discovery  of  new  sites. 
The  area  has  not  received  an  intensive  survey  to 
discover  such  resources.  Other  sites,  such  as  the 
original  townsite  of  old  Fort  Peck,  used  during  con- 
struction of  Fort  Peck  Dam,  are  known  to  be  present 
nearby  but  should  not  be  affected  by  the  project. 

The  proposed  diversion  structure  would  be  lo- 
cated on  federal  land  and  portions  of  the  irrigation 
projects  would  Include  state  owned  parcels.  Activi- 
ties to  develop  portions  of  the  project  on  federal  or 
state  land  may  require  additional  cultural  resource 
survey  prior  to  project  development. 

The  badlands  surrounding  Fort  Peck  Reservoir 
are  known  to  produce  various  fossils  including  com- 
plete dinosaur  skeletons.  The  diversion,  pipeline,  and 
canal  routes  proposed  as  part  of  pro]  ect  VAS- 1  would 
cross  geologic  formations  similar  to  those  which  have 
produced  fossils  in  other  areas.  Discovery  of  addi- 
tional fossils  could  further  understanding  of  the  pre- 
historic past  if  the  information  were  collected. 


Table  6-36.  Known  historical  and  archaeological 
resources  potentially  affected  by  the  Valley 
Conservation  District  projects 


Project       Site 
number    number 


Site  Type 


Location 


VAS-1  24VL0027 
24FR0570 
24FR0571 
24FR1194 


rock  caimsAipi  ring 

white  site 

white  site 

historic  irrigatbn/conservatb 


Source:  Montana  Historical  Society  1988-1991  and  University  of 
Montana  1991 
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RECREATION 

General  impacts  and  Considerations 

Reservations  for  consumptive  use  could  ad- 
versely affect  recreation  by  lowering  flows  and  reser- 
voir levels  and  decreasing  boating,  floating,  fishing, 
and  shoreline  activity.  Participation  in  these  activi- 
ties and  the  number  of  visits  to  streams  are  generalfy 
projKjrtional  to  streamflow.  Lower  flows  could  create 
or  worsen  marginal  boating  and  floating  conditions, 
making  passage  difficult  or  Impossible  on  some 
streams.  Recreation  settings  also  would  be  affected 
where  streamflows  decrease  to  zero  or  near  zero.  As 
the  quantity  and  quality  of  recreational  opportuni- 
ties decrease,  recreationlsts  would  use  other  rivers 
and  reservoirs  as  they  did  when  drought  reduced 
streamflows  in  1988  (Duffleld  et  al.  1990).  Crowded 
conditions  and  increased  fishing  pressure  could  oc- 
cur on  rivers  used  as  substitutes  because  they  have 
adequate  streamflow  (Economic  Consultants  North- 
west 1991a). 

Angler  participation  In  fishing  can  be  affected  by 
several  factors.  Numerous  studies  Indicate  that  fish- 
ing can  provide  psychological  and  social  benefits 
besides  the  opportunity  to  catch  fish  (Driver  and 
Knopf  1976;  Driver  and  Cooksey  1977;  Moeller  and 
Engleken  1972).  Primary  reasons  for  trout  fishing 
Include  being  outdoors,  getting  away  fi"om  it  all,  and 
enjoying  scenery  (Allen  1988).  Other  reasons  in- 
clude the  opportunity  to  catch  wild  trout  and  test 
fishing  skills. 

Convenient  access  is  another  factor  affecting 
participation  in  recreation.  In  Hagmarm's  ( 1 979)  rec- 
reation use  study  of  the  upper  Clark  Fork  drainage, 
fishing  and  recreating  close  to  home  were  two  Impor- 
tant reasons  Montana  residents  gave  for  visiting 
streams  in  this  drainage.  Allen's  study  (1988)  of  19 
Montana  rivers  Indicated  that  the  desire  to  fish  dose  to 
home  was  Important  tn  choosing  a  fishing  location. 

Lastly,  anglers  want  to  catch  fish.  Fishing  pres- 
sure tends  to  be  higher  on  streams  with  good  water 
quality  and  abimdant  fish  populations.  Aquatic 
habitat  and  streamflow  influence  fish  abundance. 
Therefore,  angler  use  can  be  affected  by  the  adequacy 
of  aquatic  habitat  and  streamflows. 

Flows  on  certain  streams  will  decline  Incremen- 
tally over  the  reservation  development  period  as  Indi- 
vidual projects  are  constructed  and  more  reservation 
water  is  used.  The  severity  of  effects  woiold  vary  with 
flow  rates  and  with  the  amount,  timing,  and  location 


of  diversions  and  return  flows.  Effects  of  additional 
depletioios  would  be  most  severe  on  reaches  of  rivers 
and  streams  that  already  have  low  flows. 

Instream  flow  reservations  would  help  protect 
existing  recreation  opportunities  on  streams  but  may 
not  fully  preserve  them.  The  current  level  of  recre- 
ation activities  probably  would  continue  If  no  addi- 
tional water  is  withdrawn.  Even  without  additional 
withdrawals,  dry  years  with  low  summer  flows  and 
dry  reaches  on  some  rivers  would  continue  to  occur. 

Construction  of  new  or  upgraded  diversion  struc- 
tures, powerllnes,  pipelines,  or  canals  for  some  irri- 
gation projects  might  cause  short-term  effects  such 
as  noise  and  dust.  Pipeline  construction  crossing 
steep  terrain  or  erodible  soils  near  rivers  and  streams 
could  Increase  water  turbidity  which  might  detract 
from  the  recreation  setting.  Pipeline  trenching  adja- 
cent to  recreation  sites  could  create  a  short-term 
nuisance  for  some  recreationlsts.  The  magnitude  of 
these  short-term  construction  Impacts  could  be  de- 
termined aft:er  project  designs  are  complete  and  miti- 
gation measures  identified.  Table  6-37  Indicates  the 
projects  where  short-term  construction  impacts 
could  occur  under  each  alternative. 


Table  6-37.  Projects  where  construction  could  cause 
short-term  Impacts  to  recreation 

AltemalivB   

Stream  or  Consumptive  Combl- 

Reservoir  Project 


Use      Instream    nation 


Sourdough  Creel<        Bozeman  XXX 

Municipal 


Madison  River 

GA-201 

X 

— 

X 

Canyon  Feny 
Reservoir 

BR-104 

X 

— 

— 

Sun  River 

CSS-200 

X 

— 

— 

Marias  River 

BSS-2 

X 

— 

— 

Missouri  River 

CHS-3 
CHS-5 
CHS-6 
BUREC 

X 
X 
X 
X 

X 

X 
X 

X 

Judith  River 

FEI-50 

X 

— 

— 

Foft  Peck  Resewoir 

VAS-1 

X 

X 

X 
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For  laiiger  projects,  construction  crews  could 
cause  short-term  Impacts  when  they  use  recreation 
areas  for  temporary  housing  locations.  TTiese  Im- 
pacts would  vary  with:  size  of  the  construction  crew, 
whether  crew  members  are  local  or  nonlocal,  timing 
of  construction,  and  number  of  recreation  sites  and 
their  use  level  In  the  surrounding  area.  Impacts 
could  Include  displacement  of  current  recreatlonlsts 
who  use  these  sites.  This  effect  would  be  most  severe 
on  weekends  and  holidays  at  sites  currently  near  or 
at  capacity.  Consultation  between  project  develop- 
ers and  the  appropriate  federal,  state,  or  local  recre- 
ation managers  and  implementation  of  their  sugges- 
tions would  help  mitigate  this  impact.  Enforcement 
of  current  stay  limits  at  recreation  sites  also  would 
help  mitigate  this  Impact. 

Ebccept  as  noted,  municipal  water  reservations 
would  have  a  negligible  effect  on  instream  flows  and 
water-based  recreation  in  their  source  streams. 
Similarly,  Instream  reservations  would  not  reduce 
flows  below  present  levels  and  would  help  maintain 
existing  opportunities  for  recreation. 

Impacts  of  the  Consumptive  use, 
Instream,  and  Combination 
Alternatives 

gallatin  drainage 

Under  the  Consumptive  Use  and  Combination 
alternatives,  additional  water  withdrawals  would 
cause  further  decline  in  water-based  recreation  on 
the  Gallatin  River,  which  already  has  diminished 
levels  of  such  recreation  due  to  low  flows  in  dry  years. 
Water-based  recreation  also  would  decline  under  the 
Combination  Alternative  but  to  a  lesser  extent  than 
under  the  Consumptive  Use  Alternative.  The  In- 
stream Alternative  would  have  negligible  effects  on 
recreation  in  the  Gallatin  River  drainage.  Adverse 
effects  of  the  Consumptive  Use  and  Combination 
alternatives  would  be  limited  to  the  segment  of  the 
Gallatin  River  below  the  canyon. 

Water-based  recreation  might  decline  on  the  East 
Gallatin  River  under  the  Consvimptlve  Use  and  Com- 
bination alternatives,  but  the  extent  of  this  impact  is 
not  known. 

Bozeman's  munlclpEil  reservation  would  affect 
recreation  on  Sourdough  Creek  under  all  three  alter- 
natives, and  impacts  would  depend  on  reservoir  op- 
eration and  release  patterns.  These  variables  are  not 
clearly  defined  in  the  application.  The  potential  for 
dispersed  recreation  at  the  proposed  reservoir  site 
cannot  be  predicted  until  project  design  is  complete. 


Madison  drainage 

Under  the  Consumptive  Use  and  Combination 
alternatives,  project  GA-201  would  reduce  flows  in 
the  Madison  River,  making  boating  and  floating  more 
difficult  by  decreasing  stream  depth  over  gravel  bars 
below  the  Greycllff  fishing  access  area.  Continued 
use  of  the  Macison  as  a  substitute  when  other  rivers 
experience  low  flows,  due  to  use  of  reserved  water, 
could  lead  to  crowding  Eind  Increased  fishing  pres- 
sure under  the  Consumptive  Use  and  Combination 
alternatives  and  to  a  much  lower  extent  under  the 
Instream  Alternative. 

JEFFERSON  AND  BOULDER  DRAINAGES 

At  present,  flows  in  the  Jefferson  River  near  the 
Waterloo  Bridge  nearly  cease  in  dry  years,  and  addi- 
tional withdrawals  for  irrigation  under  the  Consump- 
tive Use  Alternative  would  worsen  this  problem. 
Flows  also  would  be  reduced  between  50  and  100 
percent  on  a  0.8-mile  segment  of  the  Jefferson  River 
next  to  Headwaters  State  Park,  adversely  affecting 
fishing  and  floating.  Ejects  would  be  somewhat  less 
under  the  Combination  Alternative  than  under  the 
Consumptive  Use  Alternative  because  less  water 
would  be  withdrawn  from  the  river.  Effects  would 
not  occur  under  the  Instream  Alternative.  Under  the 
Consumptive  Use  Alternative,  upgraded  diversion 
structirres  for  projects  JV-202  and  JV-204  could 
create  obstacles  or  hazards  for  boaters  and  floaters, 
but  the  extent  of  this  effect  would  remain  unknown 
until  project  designs  are  complete. 

Under  the  Consumptive  and  Combination  alter- 
natives, reduced  flows  would  adversely  affect  recre- 
ation on  the  Boulder  River  between  the  town  of  Boul- 
der and  Cold  Spring,  where  low  flows  already  occur. 
Ejects  would  be  the  same  under  both  of  these  alter- 
natives but  would  not  occur  under  the  Instream 
Alternative. 

Big  Hole,  Beaverhead,  Ruby, 
AND  Red  Rock  Drainages 

The  municipal  reservation  requested  by  the  City 
of  Dillon  is  the  only  consumptive  use  application  in 
these  drainages.  This  reservation  on  the  Beaverhead 
River  would  have  negligible  effects  on  recreation. 

Missouri  River  drainage  - 
Three  Forks  to  belt  creek 

While  recreational  use  of  the  Missouri  River  main 
channel  between  Three  Forks  and  Belt  Creek  would 
not  be  substantially  affected  under  any  alternatives. 
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usability  of  some  side  channels  for  boating  and  float- 
ing could  decrease  In  dry  years.  Continued  use  of  the 
Missouri  as  a  substitute  when  other  rivers  experi- 
ence low  flows  could  lead  to  crowding  and  increased 
fishing  pressure  under  the  Consumptive  Use  and 
Combination  alternatives  and  to  a  much  lesser  ex- 
tent under  the  Instream  Alternative.  These  condi- 
tions could  lower  trip  quality  for  some  recreatlonlsts. 

Under  the  Consumptive  Use,  Instream,  and 
Combination  alternatives,  recreation  could  be  af- 
fected on  Warm  Springs  Creek  and  Prlckty  Pear  Creek 
as  shown  in  Table  6-38. 


CANYON  FERRY  RESERVOIR 

Under  the  Constimptlve  Use  and  Combination 
alternatives,  water  levels  in  Canyon  Ferry  Reservoir 
would  drop  to  critical  levels  during  late  summer  and 
fall  in  the  driest  1  year  in  10.  Most  public  boat  ramps 
would  be  unusable  in  August  and  September  in  very 
dry  years.  Exposed  rocks  and  sandbars  would  create 
hazards  for  motorboats  and  watersklers  during  veiy 
dry  years  when  surface  elevations  would  fall  below 
3,792  feet.  An  elevation  of  3,795  feet  is  considered 
optimum  during  the  summer  period  (May  2 1  to  Sep- 
tember 31)  (DFWP  1989a).  Under  the  Consumptive 
Use  Alternative  in  the  driest  1  year  In  10,  reservoir 


Table  6-38.  Tributaries  where  recreation  might  be  affected  by  water  reservations 


Stream 


Project 


Alternative 


Consumptive    Instream    Combination       Remarics 


Missouri  River  Drainage  - 
(Three  Forks  to  Belt  Creek) 


Warm  Springs  Creek 

BR-40 

X 

BR-41 

X 

BR-42 

X 

BR-44 

X 

Prickly  Pear  Creek 

Helena 
Municipal 

X 

Marias  River  Drainage  - 

Two  Medicine  River 

Pa421 

X 

POI-10 

X 

Birch  Creek 

PO-171 

X 

Pa251 

X 

Whitetail  Creek 

GL-201 

X 

Cut  Bank  Creek 

GL-11 

X 

GL-221 

X 

Teton  River  Drainage  - 

Teton  River/Spring  Creek 

TE-321 

X 

Judith  River  Drainage  - 

Louse  Creek 

JB-21 

X 

JB-231 

X 

JB-232 

X 

Running  Wolf  Creek 

JBS-3 

X 

JB-261 

X 

Wolf  Creek 

FE-81 

X 

Little  Casino  Qeek 

FE-431 

X 

Olsen  Creek 

FE-671 

X 

Little  Trout  aeek 

JB-309 

X 

McCarthy  Creek 

JB-111 

X 

X 
X 
X 
X 


X 
X 


X 
X 
X 


X 
X 


X 
X 


X 
X 
X 
X 
X 
X 
X 


X 
X 
X 
X 


X 
X 


Fishing  might  decrease  on  Warm  Springs 
Creek.  This  tributary  to  the  Missouri  River  has 
low  fishing  use. 


Recreation  use  might  decrease  if  the  aquifer  pro- 
posed as  a  water  source  is  connected  to  the  creek. 


Recreation  use  and  activities  are  poorly  docu- 
mented on  stream  reaches  on  the  Blackfeet 
Indian  Reservation.  Impacts  are  unknown. 


The  streamside  setting  and  fishing  that  occurs  in 
Choteau  City  Park  and  adjacent  stream  reaches 
wouW  be  affected  if  flows  in  Spring  Creek  are 
reduced  substantially. 

Recreation  use  and  activities  are  poorly  docu- 
mented on  these  tributaries.  Uses  coukJ  be  af- 
fected by  inigation  withdrawals. 


Blank  space  indicates  a  project  Is  not  included  under  that  altemative. 
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levels  would  drop  by  4  to  6  feet  below  current  levels 
during  the  summer  and  faU.  This  compares  to  1  to  2 
feet  vinder  the  Combination  Alternative  and  1  foot  or 
less  under  the  Instream  Alternative  (Appendix  C). 
Access  to  the  reservoir  from  private  docks  also  could 
be  dlfllcult  unless  they  have  been  designed  for  low 
water  conditions.  E^ffects  of  low  reservoir  levels  woiild 
continue  through  the  summer  and  fall  until  water- 
based  recreation  ends  for  the  year.  Effects  would  be 
more  severe  when  consecutive  dry  years  mjike  it 
impossible  to  fill  the  reservoir. 

Access  to  the  reservoir  would  be  more  diflBlcult  dur- 
ing the  winter.  Reservoir  elevations  during  the  winter  of 
dry  years  would  fall  farther  bdow  the  optimum  3,786 
feet:  1  to  4  feet  vinder  the  Consumptive  Use  Alternative, 
1  to  2  feet  under  the  Combination  Alternative,  and  1  foot 
under  the  Instream  Alternative. 

Smith  river  drainage 

Most  floating  on  the  Smith  River  occurs  In  the 
canyon  above  Hound  Creek.  Under  the  Consump- 
tive Use  Alternative,  Irrigation  withdrawals  on  the 
Smith  River  would  further  shorten  the  floating  sea- 
son on  this  reach.  Under  the  Instream  and  Combi- 
nation alternatives,  water-based  recreation  through 
the  Smith  River  Canyon  would  not  be  affected. 
Water-based  recreation  on  the  Smith  River  below 
Hound  Creek  might  decline  under  all  three  alterna- 
tives, but  the  extent  of  this  impact  is  not  known. 
Project  CSI- 102  overlaps  land  owned  by  DFWP  in  all 
alternatives.  Boundaries  for  this  proposed  project 
would  have  to  be  shifted  to  avoid  conflict  with  recre- 
ation use  or  site  improvements. 

DEARBORN  RIVER  DRAINAGE 

Under  the  Consumptive  Use  and  Combination 
alternatives.  Impacts  to  recreation  on  the  Dearborn 
River  would  be  minor.  The  stimmer  low-flow  condi- 
tions and  short  floating  season  that  currently  occur 
on  the  Dearborn  would  be  slightly  worsened.  These 
Impacts  would  not  occur  under  the  Instream  Alter- 
native. 

SUN  River  Drainage 

Under  the  Consumptive  Use  Alternative,  condi- 
tions for  water-based  recreation  on  the  Sun  River 
below  Simms  would  worsen  during  the  summer  of 
dry  years,  and  flows  near  Vaughn  would  be  zero 
during  July  of  very  dry  years.  Conditions  also  would 
worsen  under  the  Combination  and  Instream  alter- 
natives, though  the  magnitude  of  effects  would  be 
less  than  under  the  Consumptive  Use  Alternative. 


BELT  creek  Drainage 

Under  all  three  alternatives,  flows  and  recreation 
would  decline  on  segments  of  Belt  Creek  that  cur- 
rently have  low  flows.  The  magnitude  of  effects  would 
be  greatest  under  the  Consumptive  Use  Alternative, 
less  under  the  Combination  Alternative,  and  least 
under  the  Instream  Alternative. 

Marias  river  drainage 

Under  the  Consvimptive  Use  and  Combination 
alternatives,  additional  water  withdrawals  would 
cause  further  decline  in  water-based  recreation  on 
the  Marias  River  above  Tiber  Reservoir.  Low  flows  on 
this  river  already  have  diminished  use  in  some  years. 
Effects  would  be  less  severe  under  the  Combination 
Alternative  due  to  smaller  water  withdrawals  and 
would  be  minimal  under  the  Instream  Alternative. 

None  of  the  alternatives  would  affect  existing 
recreation  opportunities  at  Tiber  Reservoir. 

Under  the  Consumptive  Use  Alternative,  water- 
based  recreation  on  the  Marias  River  below  project 
BSS-2  would  decline  in  dry  years,  wrlth  effects  most 
severe  In  July  of  the  driest  1  year  In  10  when  flows 
near  Loma  would  reach  zero.  Under  the  Combina- 
tion Alternative,  flows  in  the  Marias  near  Loma  would 
decrease  from  234  and  228  cfs  to  194  and  172  cfs 
during  June  and  July  in  the  driest  1  year  in  10.  The 
degree  to  which  reducing  flows  to  these  levels  would 
limit  recreation  opportunities  is  unknown.  Impacts 
to  recreation  would  be  minimal  under  the  Instream 
Alternative. 

Table  6-38  Indicates  projects  under  each  alter- 
native that  might  affect  recreation  on  Two  Medicine 
River,  and  Birch,  Whitetall,  and  Cut  Bank  creeks. 
The  type  and  amount  of  current  recreational  use  Is 
not  well  documented  for  other  tributaries  with  pro- 
posed irrigation  projects  In  this  drainage. 

Teton  river  drainage 

Low  or  zero  flows  and  limited  recreation  activities 
are  common  on  the  lower  Teton  through  the  summer 
and  fall  of  dry  and  normal  years.  The  Consumptive 
Use  Alternative  would  extend  this  condition  to  Au- 
gust and  September  of  wet  years.  Under  the  In- 
stream and  Combination  alternatives,  existing  low 
flow  conditions  would  worsen  slightly. 

Local  benefits  to  recreation  could  result  finm  storage 
projectsTE-58 1  and  CH-64 1  for  fish  andgame  purposes 
on  Gamble  and  Alkali  coulees  fTable  6-21). 
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Project  TEI-50,  Included  onfy  In  the  Consump- 
tive Use  Alternative,  would  conflict  with  the  Eureka 
Reservoir  fishing  access  site  where  a  proposed  center 
pivot  overlaps  the  recreation  site.  The  project  might 
be  redesigned  to  avoid  this  conflict.  The  streamslde 
setting  and  fishing  that  occurs  In  Choteau  City  Park 
and  adjacent  stream  reaches  would  be  adversely 
affected  if  project  TE-32 1  reduces  flows  substcintlalfy 
in  Spring  Creek  (Table  6-38). 

Missouri  River  Drainage  - 
BELT  Creek  to  fort  peck  reservoir 

BLM  has  recommended  flows  on  the  wild  and 
scenic  Missouri  for  boating  and  floating  as  shown  In 
Table  6-39.  All  alternatives  would  further  decrease 


flows  below  these  recommendations  (Table  6-39). 
Flow  reductions  would  be  greatest  under  the  Con- 
sumptive Use  Alternative  and  least  under  the  In- 
stream  Alternative. 

The  pumping  plant  for  the  proposed  Virgelle 
project  could  create  a  noise  and  visual  Intrusion  for 
recreatlonlsts  using  the  wild  and  scenic  Missouri. 
The  extent  of  these  and  other  potential  effects  cannot 
be  determined  until  project  plans  are  complete. 

Local  benefits  to  recreation  could  result  from 
project  CH- 181  under  all  alternatives  (Table  6-2 1) ,  a 
storage  project  for  fish  and  game  purposes  on  Cut 
Bank  Coulee. 


Table  6-39.  Changes  in  flow  affecting  boating  and  floating  in  tiie  Missouri  River  between  Fort  Benton  and  Fred 
Robinson  Bridge  under  the  Consumptive  Use,  Instream,  and  Combination  alternatives 


Recommended  flows  (cfs)  for 
watarcraft  use  during  certain  periods* 


Mssouri 
River  at 


WalercraftType 


Period 


Row 


Month 


Percent  of  time  flow  is  equaled  or  exceedecf* 

Existing  Consumptive  Use   instream    Comt>lnatlon 
condition      Alternative      Alternative    Alternative 


Fort  Benton        Motottxiats  <  50  hp      May  1 5-Juiy  15 


6,390 


Virgelle 


Rafts/innertubes/         July  15-Noveml3er  15       4,480 
canoea1<ayai<s 


Motorboats  <  50  hp      May  1 5-July  15 


7,470 


Rafts/innertubes/         July  15-November  15       5,150 
canoes/tcayaks 


Landusky  Motorboats  <  50  iip    May15-Juiy15  8,300 

(Cow  island) 

Rafts/innertubes/       July  15-November  15    5,600 
canoes/l<ayal<s 


May 

90 

90 

90 

90 

June 

83 

81 

83 

82 

July 

46 

41 

45 

42 

July 

65 

59 

64 

62 

August 

48 

39 

48 

45 

September 

51 

42 

48 

46 

October 

81 

79 

81 

81 

November 

83 

82 

83 

82 

May 

90 

90 

90 

90 

June 

83 

81 

83 

83 

July 

49 

39 

46 

45 

July 

69 

62 

68 

67 

August 

54 

37 

53 

50 

September 

51 

42 

48 

46 

October 

82 

78 

82 

81 

November 

88 

85 

88 

87 

May 

89 

89 

89 

89 

June 

82 

80 

81 

81 

July 

50 

43 

46 

46 

July 

72 

64 

72 

71 

August 

60 

40 

60 

46 

September 

51 

45 

50 

46 

October 

81 

78 

81 

80 

November 

89 

87 

88 

87 

«   Source:  U.S.  Bureau  of  Land  Management  1984 

''    Estimated  flows  based  on  DNRC  computer  modeling  results. 
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Judith  River  Drainage 

Under  the  ConsumptivetJse  Alternative,  flowredix:- 
tlons  In  the  Judith  River  could  adversely  affect  water- 
based  recreation.  Effects  would  be  less  under  the  Com- 
bination Alternative  and  least  under  the  Instream  Alter- 
native. Prefect  JBI-2,  which  is  included  only  in  the  Con- 
sumptive Use  Alternative,  would  withdraw  water  fix)m 
the  reach  of  the  Judith  River  above  Big  Spring  Creek 
where  flows  are  currently  bw  (Gardiner  1989).  Effects 
would  be  most  adverse  during  August  when  flows  would 
be  reduced  by  half  during  the  driest  2  years  in  10. 
However,  these  effects  might  be  lower  due  to  releases 
fixjmAckleyLake.  TVvo  other  Irrigation  projects  that  are 
Included  only  underthe  Consumptive  Use  Alternative — 
FE3-50  arKi  FE-4 1— would  withdraw  water  fixim  a  reach 
of  the  Judith  that  is  fed  by  Big  Spring  Creek  and  Warm 
Springs  Creek.  Long-term  effects  of withdrawalsforthese 
two  projects  are  unknown. 

Irrigation  withdrawals  that  could  affect  recreation 
on  tributaries  with  low  or  unknown  use  for  fishing  or 
other  activities  are  shown  In  Table  6-38. 

Musselshell  river  Drainage 

Recreation  on  the  Musselshell  River  could  be 
affected  by  project  LM-20,  but  these  effects  cannot 
be  specified  until  streamflow  reductions  along  the 
river  are  quantified.  Prq|ect  LM-20  is  Included  only 
under  the  Consumptive  Use  Alternative. 

Fort  Peck  Drainage  and  small  tributaries 

Under  the  Consumptive  Use  and  Combination 
alternatives,  decreases  In  reservoir  elevation  should 
have  minor  effects  on  recreation  opportunities  at 
Fort  Peck  Reservoir.  Summer  elevation  losses  of  1 
foot  under  the  Consumptive  Use  and  Combination 
alternatives  would  make  access  to  the  water  more 
difficult  when  low  reservoir  levels  occur.  Access  to 
the  reservoir  could  become  more  difficult  or  impos- 
sible when  consecutive  dry  years  limit  reservoir  refilling. 
Management  by  the  Army  Corps  ofE^nglneers  also  would 
affect  reservoir  levels  and  could  either  mitigate  or  inten- 
sify effects  of  lowered  water  levels.  Reservoir  elevations 
would  be  changed  less  than  1  foot  under  the  Instream 
Alternative,  and  effects  on  recreation  would  be  minor. 

Changes  in  Recreational  use  and 
Value  Due  to  Decreasing  Flows 

Results  of  DNRC's  1989  recreational  survey  Indi- 
cate that  both  number  and  quality  of  trips  to  Mis- 
souri basin  streams  decline  with  low  streamflows. 
To  assess  how  the  value  of  water-based  recreation 


would  change  with  decreasing  flows,  the  estimated 
values  (marginal  values)  for  an  acre-foot  of  water  that 
were  derived  fi-om  the  DNRC  recreation  survey  (Table 
6-40)  were  combined  with  estimated  streamflow 
changes  (Table  6-41).  The  middle  Missouri  and 
Marlas/Teton  subbasins  were  combined  for  this 
analysis.  The  values  In  Table  6-42  are  averaged  over 
all  rivers  and  streams  within  a  subbasln. 

The  values  per  acre-foot  were  multiplied  by  the 
total  change  In  average  flows  for  each  subbasln 
shown  In  Table  6-4 1 .  Table  6-42  shows  the  resulting 
changes  In  the  value  of  recreation. 


Table  6-40.  Recreational  values  of  an  acre-foot  of  flow 
on  rivers  and  streams 


Subbasin 

July/August 

Rest  of  Year 

Headwaters 

$35.40 

$8.23 

Upper  Missouri 

$19.46 

$4.76 

Middle  Missouri  and 

Marias/Teton 

$5.81 

$1.63 

Source:  Duffleld  et  al.  1990 


Table  6-41 .  Average  flow  reductions  (acre-feet)  from 
different  alternatives 


Row  reductions 

Row  reductions 

Alternative 

during 

during 

July  and  August 

ttie  rest  of  year 

Consumptive  Use 

Headwaters  Subbasin 

38.850.9 

11,189.1 

Upper  Missouri  Subbasin 

20,163.1 

51.193.6 

Marias/Teton  Subbasin 

29,691.5 

16.210.5 

Middle  Missouri  Subbasin 

125,897.0 

89.993.0 

Instream 

Headwaters  Subbasin 

0.0 

121.0 

Upper  Missouri  Subbasin 

7,991.5 

7.755.0 

Marias/Teton  Subbasin 

2.397.5 

1,554.7 

Middle  Missouri  Subbasin 

13,462.6 

10.504.0 

Combinafon 

Headwaters  Subbasin 

18,933.7 

5.123.6 

Upper  Missouri  Subbasin 

20,470.5 

20.743.2 

Marias/Teton  Subbasin 

7,745.6 

6.950.1 

Middle  Missouri  Subbasin 

51,084.1 

35.983.0 

230 


Table  6-42.  Reductions  in  annuai  vaiue  of  recreation 
due  to  change  in  average  flows 


Row  reductions 

Row  reductions 

AltBmaUve/ 

during  July 

during  rest 

Subbasln 

and  August 

of  year 

Total 

Consumptive  Use 

Headwaters 

$1,400,000 

$92,000 

$1,492,000 

Upper  Missouri 

$390,000 

$240,000 

$630,000 

Marias/Teton 

$170,000 

$26,000 

$196,000 

Middle  Missouri 

$730,000 

$150,000 

$880,000 

Total 

$3,198,000 

Instream 

Headwaters 

$0 

$1,000 

$1,000 

Upper  Missouri 

$160,000 

$37,000 

$197,000 

Marias/Teton 

$14,000 

$3,000 

$17,000 

Middle  Missouri 

$78,000 

$17,000 

$95,000 

Total 

$310,000 

Combination 

Headwaters 

$670,000 

$42,000 

$712,000 

Upper  Missouri 

$400,000 

$99,000 

$499,000 

Marias/Teton 

$45,000 

$6,000 

$51,000 

Middle  Missouri 

$300,000 

$59,000 

$a59.000 

Total 

$1,621,000 

POWER  PRODUCTION 

General  Impacts  and  Considerations 

Consumptive  water  uses  can  affect  hydropower 
In  two  ways.  First,  to  the  extent  they  reduce  flows 
through  the  hydroelectric  generating  facilities  on  the 
river  they  reduce  the  availability  of  hydroelectric 
power,  the  lowest  cost  power  currently  generated. 
This  lost  power  must  be  replaced  with  new  sources  of 
electricity,  generally  at  higher  cost.  Second,  the  use 
of  electric  power  for  proposed  irrigation  and  munici- 
pal pumping  also  Increases  the  need  to  acquire  addi- 
tional sources  of  power.  Acquisition  of  new  power 
sources  wUl  increase  the  cost  of  electricity  to  all  con- 
sumers. The  reason  for  this  Is  that  electricity  is 
generally  sold  at  rates  based  on  the  average  cost  of 
existing  facilities.  Where  electricity  from  expensive 
new  facilities  is  Included,  the  average  cost  of  power, 
and  hence  rates,  must  go  up.  Reservations  for  in- 
stream flow  would  not  affect  hydropower  production. 

IMPACTS  TO  HYDROPOWER  GENERATION 

Water  is  used  over  and  over  again  on  the  Missouri 
to  generate  electricity.  Ten  dams  on  the  Missouri  River 


In  Montana  would  be  affected  by  the  proposed  reser- 
vations, 9  between  Three  Forks  and  Fort  Benton, 
and  Fort  Peck  Dam  farther  downstream  (Map  4-12). 
Five  hydroelectric  dams  produce  power  on  the  Mis- 
souri River  in  the  Dakotas  and  Nebraska  (Garrison, 
Oahe.  Big  Bend,  Fort  Randall,  and  Gavins  Point). 
EiKcept  in  months  so  wet  that  water  would  flow  over 
dams  without  generating  electricity,  water  consumed 
for  irrigation  or  municipal  purposes  results  in  re- 
duced electric  generation  at  all  dams  downstream. 
The  Impacts  of  waterwithdrawal  on  hydropower  gen- 
eration In  Montana  will  depend  upon  the  location  of 
the  withdrawal  and  how  marry  dams  lie  downstream. 
However,  DNRC  estimates  that  any  additional  con- 
sumptive use  in  Montana's  portion  of  the  Missouri 
River  basin  will  result  in  a  loss  totaling  approxi- 
mately 516  kWh  per  acre-foot  at  the  five  dams  In  the 
Dakotas  and  Nebraska. 

The  cost  to  electricity  consumers  and  to  society 
of  reduced  generation  at  Missouri  River  hydroelectric 
projects,  in  increased  electric  rates  and  environmen- 
tal degradation,  depends  upon  whether  (and  when) 
the  lost  power  must  be  replaced  with  new  power 
sources,  and  on  the  cost  and  impacts  of  the  new 
power  relative  to  the  cost  and  impacts  of  the  lost 
hydropower.  If  regional  utilities  have  surplus  capac- 
ity, it  may  not  be  necessary  to  regulate  the  lost  power, 
but  losses  may  take  the  form  of  a  reduction  in  low- 
valued  off-system  sales  or  an  Increase/in  the  cost  of 
fuel  and  operation  at  other  existing  facilities.  Power 
surpluses  of  the  sort  that  might  affect  losses  tend  to 
be  temporary,  while  the  proposed  irrigation  and 
municipal  water  reservations  would  be  for  long-term 
projects. 

The  decade  of  surplus  electric-generating  capac- 
ity has  now  ended  in  Montana  and  the  Pacific  North- 
west. The  coming  decade  will  be  marked  by  a  need  for 
additional  generating  capacity.  The  power  supply 
situation  is  expected  to  be  similar  in  the  rest  of  the 
Great  Plains  region.  Hydropower  lost  as  a  result  of 
increased  irrigation  and  municipal  withdrawals 
would  increase  the  need  to  find  additional  power 
sources. 

At  present  it  is  not  possible  to  identify  what  re- 
sources might  be  chosen  to  replace  the  power  lost 
due  to  irrigation  and  municipal  diversions.  However, 
it  Is  likely  that  low-cost  solutions  such  as  conserva- 
tion will  be  Implemented  first  and  will  not  be  avail- 
able to  replace  the  additional  water  withdrawals. 
When  conservation  has  reached  its  limits,  new  gen- 
erating facilities  will  be  necessary  and  the  new  power 
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probably  will  be  more  expensive  than  power  from 
existing  generating  resom:ces.  The  cost  of  replace- 
ment power  might  be  comparable  to  the  levellzed 
cost  of  power  from  a  new  coal-fired  generating  plant, 
on  the  order  of  50- 100  mllls/kWh  (5  to  10  cents  per 
kWh).  (Levellzed  costs  are  averaged  over  the  life  of 
the  generating  facility.)  Costs  resiiltlng  from  Impacts 
to  environmental  quality  and  htiman  health  due  to 
the  development  of  coal-fired  jwwer  plants  are  not 
Included  In  the  above  amounts.  These  costs  include 
labor  for  the  construction  and  operation  of  the  new 
generating  facilities. 

DNRC's  estimates  of  lost  hydropower  production 
are  based  upon  the  operations  of  existing  facilities  on 
the  Missovirl  River.  As  part  of  Its  application  before 
FERC  to  rellcense  its  Missouri  River  hydro  projects, 
MFC  has  proposed  to  upgrade  some  of  them  by  In- 
stalling additional  generating  capacity  and  changing 
the  mode  of  operation.  A  plan  to  add  hydroelectric 
generation  at  Tiber  Dam  also  Is  being  considered. 
Hydropower  losses  under  these  future  conditions 
might  be  greater  than  those  estimated  here. 

Financial  impacts  to  power  Needs  and 
Costs  from  irrigation  and  Municipal 
Pumping  Loads 

Electricity  Is  almost  always  sold  at  prices  based 
on  the  average  cost  of  generation  from  existing  facili- 
ties. The  cost  of  replacement  power  or  power  from 
new  facilities  Is  generally  higher  than  that  of  existing 
facilities.  Consequently,  new  electricity  loads  can 
Impose  costs,  sometimes  significant,  on  all  other 
electricity  consumers.  DNRC's  feasibility  analysis 
for  proposed  irrigation  projects  assumed  an  average 
price  of  40  mills/kWh  (4  to  5  cents/kWh)  for  electric- 
ity to  be  used  in  pumping  water  to  the  projects.  If  the 
cost  of  replacement  power  averages  50  mUls/kWh  (5 
cents/kWh),  a  new  irrigation  project  requiring  100 
MWh/year  (100.000  kWh  per  year)  would  impose 
costs  on  other  electric  consumers  amounting  to 
$1,000  per  year.  If  the  cost  of  replacement  power 
averages  100  mllls/kWh  (10  cents/kWh),  the  costs 
to  other  users  of  electricity  would  amount  to  $6,000 
per  year  for  this  hypothetical  project.  Other  electric- 
ity users  subsidize  the  project  to  the  extent  they  pay 
part  of  the  costs  of  suppljdng  it  with  power. 

This  subsl(fy  would  escalate  dramatically  for  new 
irrigation  projects,  such  as  BUREC's  proposed  diver- 
sion at  Vligelle,  that  propose  to  use  low-cost  power 
produced  under  the  Pick-Sloan  Act.  As  of  1983, 
Montana  still  is  entitled  to  use  90  MW  of  Pick-Sloan 


power  at  a  price  of  2.5  mllls/kWh  (one-quarter  cent/ 
kWh)  for  pumping  water  to  federal  irrigation  projects. 
According  to  the  BUREC  plan  formulation  working 
document  (1988),  Pick-Sloan  power  would  be  sold  to 
the  project  at  the  2.5  mills/kWh  price.  This  is  well 
below  the  10.5  mllls/kWh  (1.05  cents/kWh)  rate  at 
which  Pick-Sloan  Is  currently  sold  to  utilities.  The 
diversion  at  Vlrgelle  would  use  16,890  Mwh  per  year 
to  run  pumps  and  canal-side  pivot  systems.  The 
annual  subsidy  provided  by  electricity  consiomers  to 
this  project  would  be  over  $800  thousand  per  year  If 
the  replacement  cost  were  50  mills/kWh  (5  cents/ 
kWh),  or  over  $1.6  million  if  the  cost  of  replacement 
powerwere  100mIlls/kWh(10cents/kWh).  Because 
federal  irrigation  projects  are  entitled  to  use  cheap 
Pick-Sloan  power,  electrical  cooperatives  who  now 
benefit  from  power  produced  under  the  Pick-Sloan 
Act  would  have  their  allocations  reduced  to  provide 
power  to  the  Vlrgelle  project. 

Impacts  to  Hydropower  Generation 
and  Costs  from  the  Consumptive  Use, 
instream,  and  combination 
Alternatives 

DNRC  estimated  that  depletions  under  the  Con- 
sumptive Use  Alternative  would  reduce  generation  at 
dams  above  Fort  Peck  an  average  53  GWh  (million 
kWh)  per  year.  Generation  at  Fort  Peck  Dam  would  be 
reduced  by  another  29  GWh.  Generation  at  the  five 
lower  Missouri  dams  would  be  reduced  by  1 11  GWh. 

If  replacement  power  costs  50  miDs/kWh  (5  cents/ 
kWh),  the  cost  to  utility  ratepayers  would  average  $9.6 
minion  per  jrear.  If  replacement  power  costs  100mllls(10 
cents/kWh),  the  annual  cost  to  ratepayers  would  be 
$19.3  million.  In  addition,  society  would  have  to  bear 
additional  environmental  Impacts  associated  with  gener- 
ating an  additional  193  GWh.  It  would  take  around  62 
MW  of  new  coal  fired  generating  capacity  to  produce  this 
much  energy. 

DNRC  estimated  that  the  depletions  under  the 
Instream  Alternative  would  reduce  generation  at  dams 
above  Fort  Peck  an  average  of  12  GWh  per  year.  Gen- 
eration at  Fort  Peck  Dam  would  be  reduced  by  1  GWh, 
and  the  output  of  the  five  lower  Missouri  dams  would 
be  reduced  by  12  GWh. 

If  replacement  power  costs  50  mllls/kWh  (5  cents/ 
kWh),  the  cost  to  utility  ratepayers  would  average 
$1.2  million  per  year.  If  replacement  power  costs  1 00 
mfils/kWh  (10  cents/kWh),  the  annual  cost  to 
ratepayers  would  be  $2 . 5  million.  Society  would  have 
to  bear  the  environmental  Impacts  of  approximately 
1 1  MW  of  new  generation. 
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DNRC  estimated  that  the  depletions  under  the  Com- 
bination Alternative  would  reduce  generation  at  dams 
above  Fort  Peck  an  average  24  GWh  per  year.  Genera- 
tion at  Fort  PeckDam  would  be  reduced  by  1 1  GWh,  and 
44  GWh  at  the  five  lower  Missouri  dams. 

If  replacement  power  costs  50  mllls/kWh  (5 
cents/kWh),  the  cost  to  utility  ratepayers  would  av- 
erage $3.9  million  per  year.  If  replacement  power 
costs  100  mllls/kWh  (10  cents/kWh),  the  annual 
cost  to  ratepayers  would  be  $7.9  million.  Society 
would  have  to  bear  the  environmental  Impacts  of 
approximately  25  MW  of  new  generation. 

Irrigation  and  Municipal  Power  Use 
Impacts 

Projects  Included  in  the  Consumptive  Use  Alterna- 
tive would  use  about  185  GWh  per  year.  The  costs  that 
would  be  Imposed  on  all  other  electricity  consumers  by 
the  full  development  of  all  these  projects  would  be  $  1 .8 
minion  per  jrear  if  the  replacement  cost  were  50  mills/ 
kWh  (5  cents/kWh),  or  $11 . 1  million  If  the  replacement 
cost  were  100  mlLs/kWh  (10  cents/kWh). 

Projects  included  in  the  Instream  Flow  alterna- 
tive would  use  about  43  GWh  per  year.  The  costs  that 
would  be  Imposed  on  all  other  electricity  consumers 


by  the  full  development  of  all  these  projects  would  be 
$0.4  million  per  year  If  the  replacement  cost  were  50 
mills/kWh  (5  cents/kWh),  or  $2.6  million  If  the  re- 
placement cost  were  100  mllls/kWh  ( 10  cents/kWh). 

Projects  Included  in  the  Combination  Alternative 
would  use  around  82  GWh  per  year.  The  costs  that 
would  be  Imposed  on  all  other  electricity  consumers 
by  the  full  development  of  all  these  projects  would  be 
$0.8  million  per  year  if  the  replacement  cost  were  50 
mllls/kWh  (5  cents/kWh),  or  $4.9  million  If  the  re- 
placement cost  were  100  mllls/kWh  ( 10  cents/kWh). 

TOTAL  Impacts  to  Ratepayers 

Total  electricity  required  in  Montana  under  the 
Consumptive  Use  Alternative  would  be  267  GWh  per 
year,  about  2  percent  of  annual  Montana  electricity 
sales.  The  cost  of  replacing  this  power  beyond  the 
revenue  received  for  Irrigation  pumping  would  be 
$5.9  to  $19.3  million.  For  comparison,  this  amounts 
to  approximately  1  to  4  percent  of  current  sales  of 
electricity  in  Montana. 

The  total  impact  to  all  ratepayers  of  full  develop- 
ment under  the  Consumptive  Use  Alternative  would 
be  $1 1.5  to  $30.4  million  per  year  (Table  6-43).  The 
present  value  of  these  impacts,  assuming  a  70-year 


Table  6-43.  Reductions  in  hydroelectric  generation,  Increased  power  demands,  and  costs  to  ratepayers  from 
projects  in  the  Consumptive  Use,  instream,  and  Combination  alternatives 


Alternatives 

Consumptive  Use 

instream 

Combination 

Reduced  hydroelectric  generation  (GWh) 
Above  Fort  Peck 

53 

13 

24 

Fort  Peck 

29 

1 

11 

Dams  in  downstream  states 

111 

12 

44 

Cost  of  reduced  hydroelectric  generation 
(millions  of  dollars  per  year)^ 

9.6  to  19.3 

1.2  to  2.5 

3.9  to  7.9 

Increased  power  use  (GWh^r) 

185 

43 

82 

Cost  to  ratepayers  (millions  of  dollars  per  year) 
from  increased  power  use 

1.8  to  11.1 

0.4  to  2.6 

0.8  to  4.9 

Total  costs  to  ratepayers  from  reduced  hydroelectric 
generation  and  increased  power  use 
(millions  of  dollars  per  year) 

11. 5  to  30.4 

1.7  to  5.1 

4.8  to  12.8 

°    Range  of  costs  Is  based  on  the  cost  of  electricity  generated  at  a  new  coal-fired  power  plant. 
Power  from  such  a  plant  could  cost  5  to  10  cents/kWh. 
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life  for  the  Irrigation  projects  and  a  4.3  percent  real 
discount  rate,  would  be  $253.4  to  $669.8  million. 

The  total  power  losses  In  Montana  under  the 
Instream  Alternative  would  be  56  GWh/year,  about 
1/2  percent  of  Montana's  annual  consianptlon  fTable 
6-43).  The  cost  of  replacing  this  power  would  be 
around  $1  to  $4  million.  For  comparison,  this 
amounts  to  apprxndmatety  0.2  to  1.0  percent  of  cur- 
rent Montana  sales  of  electricity. 

The  total  Impact  to  all  ratepayers  of  full  develop- 
ment under  the  Instream  Alternative  would  be  $1.7 
to  $5. 1  million  per  year.  The  present  vgilue  of  these 
Impacts,  assuming  a  70-year  life  for  the  Irrigation 
projects  and  a  4.3  percent  discount  rate,  would  be 
$37.0to$111.8mimon. 

Total  power  losses  to  Montana  from  the  Combi- 
nation Alternative  would  be  82  GWh  per  year,  about 
0.7  percent  of  annual  Montana  usage  (Table  6-43). 
The  cost  of  replacing  this  power  would  be  $2.5  to 
$8.4mlllIon.  For  comparison,  this  would  be  approxi- 
mately 0.5  to  1 .8  percent  of  current  Montana  sales  of 
electricity. 

The  total  Impact  to  all  ratepayers  of  full  develop- 
ment under  the  Combination  Alternative  would  be 
$4.8  to  $12.8  million  per  year.  The  present  value  of 
these  Impacts,  assuming  a  70-year  life  for  the  irriga- 
tion projects  and  a  4.3  percent  real  discount  rate, 
would  be  $105  to  $282  million. 

AGRICULTURAL  ECONOMY 

Employment,  Income,  Agricultural 
Sales,  and  Taxation 

Development  of  the  Irrigation  projects  Included 
in  each  alternative  would  cause  farm-related  em- 
ployment to  increase  by  30  to  106  employees  In  the 
Missouri  River  Basin  (Table  6-44).  However,  this  In- 
crease would  be  offset  by  the  decline  In  labor  re- 
quired to  work,  gradually  decreasing  amount  of  Irri- 
gated land  In  the  basin.  Farm  Income  would  Increase 
by  $1.7  to  $6.1  million.  Total  employment  and  In- 
come would  Increase  less  than  one-tenth  of  1  percent 
(0. 1  percent)  In  the  basin. 

Cash  receipts  from  the  sale  of  agricultural 
products  would  Increase  by  a  range  of  $8. 1  to  $32.4 
million,  or  1  percent  to  4  percent  across  the  basin 
(Table  6-44).  The  taxable  valuation  of  Missouri  River 
Basin  counties  and  the  tax  receipts  accruing  to 
them  would  increase  less  than  one-tenth  of  1  per- 
cent (0.1  percent). 


Impacts  of  the  Consumptive  Use, 
Instream,  and  Combination 
Alternatives 

Tables  6-44  through  6-48  describe  the  effects  of  the 
alternatives  on  agricultural  emplcyment,  personal  In- 
come, agricultural  sales,  taxable  valuation,  and  tax  re- 
ce^ts  in  each  of  the  subbasins.  Under  the  Consumptive 
Use  Altemative  the  Marias/Teton  Subbasln  would  expe- 
rience the  largest  agricultural  employment  Increase 
(about  46  jobs),  while  the  Middle  Missouri  Subbasln 
would  have  the  largest  Increases  In  agricultural  em- 
ployment (20  jobs)  under  the  Instream  and  Combi- 
nation alternatives  (Tables  6-46  to  6-48).  Under  the 
Consumptive  Use  and  Combination  alternatives,  the 
Headwaters  Subbasln  would  experience  the  greatest 
increased  farm  Income  related  to  sales  of  potatoes. 
However,  increases  in  farm  employment.  Income, 
and  taxable  valuation  are  minor  and  would  amount 
to  less  than  1  percent  in  any  of  the  subbasins. 

Under  the  Consumptive  Use  Altemative,  the 
Marias/Teton  Subbasln  would  experience  the  great- 
est Increase  in  agricultural  sales,  a  $12.8  million  (4.6 


Table  6-44.  Economic  benefits  to  agriculture 
Missouri  River  Basin 


Percent 

Category 

1987Actus<> 

IncfBBSo*  Incroaso'^ 

Consumptive  Use  Altemalive 

.lohR 

175,195 

106 

<0.1% 

Total  Personal  Income 

$4,285,266,000 

$6,067,000 

0.1% 

Agriculture  Sales 

$787,781,000 

$32,449,000 

4.0% 

Taxable  Valuation 

$  665,347,000 

$  Rfsn.ooo 

<0.1% 

Tax  Receipts 

$  161,761,875 

$   158,440 

<0.1% 

Instream  Altemative 

Jobs 

175,195 

30.0 

<0.1% 

Total  Personal  Income 

$4,285,266,000 

$1,750,000 

<0.1% 

Agriculture  Sales 

$787,781,000 

$8,146,000 

1.0% 

Taxable  Valuation 

$  665,347,000 

$  253,000 

<0.1% 

Tax  Receipts 

$  161,761,875 

$    60,000 

<0.1% 

Combination  Altemative 

Jobs 

175,195 

53.0 

<0.1% 

Total  Personal  Income 

$4,285,266,000 

$5,059,000 

0.1% 

Agriculture  Sales 

$787,781,000 

$18,761,000 

2.3% 

Taxable  Valuation 

$  665,347,000 

$  372,000 

<0.1% 

Tax  Receipts 

$  161.761,875 

$    90,000 

<0.1% 

a    Dollars  are  reported  to  ttie  nearest  $1,000  and  jobs  are  rounded  to 

the  nearest  whole  job. 
b  <  0. 1  %  indicates  the  increase  is  less  than  one-tenth  of  one  percent 

Source:  Economic  Consultants  Northwest  1991b. 
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percent)  increase  if  all  projects  were  to  be  developed. 
The  Middle  Missouri  Subbasin  would  experience  the 
largest  increase  ($6  million  or  2.6  percent)  in  agricul- 
tural sales  under  the  Instream  Alternative,  while  the 
Headwaters  Subbasin  would  have  the  laigest  sales 
increase  ($6  million  or  3.7  percent)  in  the  Combina- 
tion Alternative  (Tables  6-46  and  6-48). 

SOCIAL  AND  ECONOMIC 
EFFECTS 

POPULATION 

Population  is  expected  to  grow  by  16  percent  in 
the  Headwaters  Subbasin,  12  percent  in  the  Upper 
Missouri  Subbasin,  and  3  percent  in  the  Middle  Mis- 
souri Subbasin  between  1990  and  2020  (Figure  6- 
22).  Population  in  the  Marias/Teton  Subbasin  is  ex- 
pected to  remain  fairly  constant.  None  of  this  growth 
would  be  noticeably  affected  by  water  reservations. 

Each  municipal  applicant  developed  population 
projections  for  its  water  service  area  based  on  available 


1986  population  information.  In  most  cases,  these  pro- 
jections assume  that  the  city  would  grow  at  a  rate 
greater  than  the  surrounding  county  (Table  6-49). 

DNRC  reviewed  these  population  projections 
using  the  1990  census  information.  This  informa- 
tion indicates  that  some  city  populations  grew  more 
slowly  than  expected  or  continued  to  lose  population 
up  to  1990.  DNRC  believes  population  projections 
for  the  following  communities  are  too  high:  Boze- 
man,  Chester,  Conrad,  Cut  Bank,  East  Helena,  Fort 
Benton,  Great  Falls,  Lewistown,  Shelby,  Winifred 
and  West  Yellowstone. 

SOCIAL  Effects 

The  development  of  additional  irrigation  projects 
and  the  establishment  of  some  Instream  flow  reser- 
vations would  not  noticeably  change  the  character  of 
Missouri  River  Basin  communities.  Towns  such  as 
Three  Forks,  Great  Falls,  and  Fort  Benton  would  stlU 
serve  as  local  or  regional  agricultural  trade  and  ser- 
vice centers.  Outfitters  and  other  recreation-related 


Table  6-45.  Economic  benefits  to  agriculture 
Headwaters  Subbasin 


a  Dollars  are  reported  to  the  nearest  $1 ,000  arxd  jobs  are  rounded 

to  the  nearest  whole  job. 
b  <  0.1%  indicates  the  Increase  is  less  than  one-tenth  of  one  percent. 

Source:  Economic  Consultants  Northwest  1991b. 


Table  6-46.  Economic  benefits  to  agrlcuitu 
Upper  Missouri  Subbasin 


Percent 

Percent 

Category 

1987ActiMrf* 

Increase*  Increase" 

Category 

1987Actuai* 

Indease*  Increase'' 

Consurnplive  Use  Alternative 

Consumptive  Use  Alternative 

.Inhs 

52,807 

16 

<0.1% 

Jobs 

73.327 

20 

<0.1% 

Total  Personal  Income 

$1,270,602,000 

$3,480,000 

0.3% 

Total  Personal  Income 

$1,761,056,000 

$  413.000 

<0.1% 

Agriculture  Sales 

$  165,647,000 

$8,060,000 

4.9% 

Agriculture  Sales 

$  112,298.000 

$4,447,000 

4.0% 

Taxable  Valuation 

$  156,813.000 

$  137,000 

<0.1% 

Taxable  Valuation 

$  175,828,000 

$  164.000 

<0.1% 

TaxReceipfts 

$  44,442,000 

$  35,000 

<0.1% 

Tax  Receipts 

$  44,706,027 

$  37.000 

<0.1% 

Instream  Altemalive 

Instream  Alternative 

■• 

.bhs 

52,807 

0 

<0.1% 

.Inhs 

73,327 

7 

<0.1% 

Total  Personal  Income 

$1,270,602,000 

$       0 

<0.1% 

Total  Personal  Income 

$1,761,056,000 

$349,000 

<0.1% 

Agriculture  Sales 

$  165,647,000 

$       0 

<0.1% 

Agriculture  Sales 

$  11238,000 

$1,180,000 

1.1% 

Taxable  Valuation 

$  156,813,000 

$       0 

<0.1% 

Taxable  Valuation 

$  175.828,000 

$  41,000 

<0.0% 

Tax  Receipts 

$  44,442,000 

$       0 

<0.1% 

Tax  Receipts 

$  44,706,027 

$   10,000 

<0.0% 

Combination  Alternative 

Combination  Alternative 

Jobs 

52,807 

7 

<0.1% 

Jobs 

73,327 

9 

<0.1% 

Total  Personal  Income 

$1,270,602,000 

$2,503,000 

0.2% 

Total  Personal  Income 

$1,761,056,000 

$543,000 

<0.1% 

Agriculture  Sales 

$  165,647,000 

$6,148,000 

3.7% 

Agriailture  Sales 

$  112,298,000 

$1,867,000 

1.7% 

Taxable  Valuation 

$  156,813,000 

$  57.000 

<0.1% 

Taxable  Valuation 

$  175,828.000 

$  71,000 

<0.1% 

Tax  Receipts 

$  44,442.000 

$  16,000 

<0.1% 

Tax  Receipts 

$  44,706.027 

$   16,000 

<0.1% 

a  Dollars  are  reported  to  the  nearest  $1 ,000  and  jobs  are  rounded  to  the 

nearest  whole  job. 
b  <  0.1%  indicates  the  increase  is  less  than  one-tenth  of  one  percent 

Source:  Economic  Consultants  Nortfiwest  1991b. 


Figure  6-22.  Missouri  River  basin  popuiation  trends  and  projections 
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Headwaters  Subbasin: 
Beaverhead,  Gallatin,  Jefferson, 
Madison,  and  Sl^r  Bow  counties 


Upper  Missouri  Subbasin: 

Broadwater,  Cascade,  Lewis  and  ClarK, 

and  Meagher  counties 


Marias/Teton  Subbasin: 

Chouteau,  Glacier,  Hill,  Liberty, 

Pondera.  Teton,  and  Toole  counties 


Middle  Missouri  Subbasin: 
Blaine,  Fergus,  Garfield,  Golden  Valley, 
Judith  Basin,  Musselshell,  Petroleum, 
Phillips,  Valley,  and  Wheatland  counties 


^  Projected  populations  based  on  NPA  Data.  Inc. 

•»  Projected  populations  based  on  NPA  Data,  Inc.,  as  extended  by  DNRC 


Tabie  6-47.  Economic  benefits  to  agriculture 
lUlarias/Teton  Subbasin 


a  Dollars  are  reported  to  the  nearest  $1,000  and  jobs  are  rounded  to  the 

nearest  whole  job. 
b  <  0.1%  indicates  the  increase  Is  less  than  one-tenth  of  one  percent 

Source:  Economic  Consultants  Northwest  1991b. 


Table  6-48.  Economic  t>enefits  to  agriculture 
Middle  Missouri  Subbasin 


Percent 

Percent 

Category 

1987  Actual" 

IfKrease*  increase'' 

Categoiy 

1987  Actual* 

lrx:rease"  Increase'' 

Consumptive  Use  AltemaUve 

Consumptive  Use  Attemalive 

Jobs 

27.173 

46 

0.2% 

Jobs 

21.888 

25 

<0.1% 

Total  Personal  Income 

$708,257,000 

$1,026,000 

0.1% 

Total  Personal  Income 

$545,351,000 

$1,148,000 

02% 

Agricuhure  Sales 

$276,079,000 

$12,818,000 

4.6% 

Agriculture  Sales 

$233,757,000 

$7,124,000 

3.0% 

Taxable  Valuation 

$175,357,000 

$  105,000 

0.0% 

Taxable  Valuation 

$157,349,000 

$  248.000 

02% 

Tax  Receipts 

$39,746,000 

$    25,000 

0.1% 

Tax  Receipts 

$32,867,000 

$  61,000 

02% 

InstreamAltemallve 

Instream  Alternative 

Jobs 

27.173 

3 

<0.0% 

Jobs 

21,888 

20 

<0.1% 

Total  Personal  Income 

$708257,000 

$  340,000 

<0.0% 

Total  Personal  Income 

$545,351,000 

$1,062,000 

0.2% 

Agriculture  Sales 

$276,079,000 

$  998,000 

0.4% 

Agriculture  Sales 

$233,757,000 

$5,968,000 

26% 

Taxable  Valuation 

$175,357,000 

$    12.000 

<0.0% 

Taxable  Valuation 

$157,349,000 

$  199,000 

0.1% 

TaxRsceipte 

$39,746,000 

$    3,000 

<0.0% 

Tax  Receipts 

$32,867,000 

$  47000 

0.1% 

Combination  AHemative 

Combination  Alternative 

Jobs 

27.176 

17 

<0.1% 

Jobs 

21.888 

20 

<0.1% 

Total  Personal  Income 

$708,257,000 

$  914,000 

0.1% 

Total  Personal  Income 

$545,351,000 

$1,100,000 

0.2% 

Agriculture  Sales 

$276,079,000 

$4,762,000 

1.7% 

Agriculture  Sales 

$233,757,000 

$5,984,000 

2.6% 

Taxable  Valuation 

$175,357,000 

$    44,000 

<0.0% 

Taxable  Valuation 

$157,349,000 

$200,000 

0.1% 

Tax  Receipts 

$39,746,000 

$    10.000 

<0.0% 

Tax  Receipts 

$32,867000 

$  49,000 

0.1% 

a   Dollars  are  reported  to  the  nearest  $1,000  and  jobs  are  rounded  to  the 

nearest  whole  job. 
b  <  0.1%  indicates  the  Increase  is  less  than  one-tenth  of  one  percent 

Source:  Economic  Consultants  Nortfiwest  1 991  b. 
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Table  6-49.  Summary  of  population  projections  for 
municipalities  requesting  reservations 


City 

1990 

Census 

population 

Applicant 

projected 

population 

in?0?5 

Applicant 
compounded 

annual 

growth  rate 

(1990-2025) 

(percent) 

DNRC 

comments 

on  applicant 

population 

projection 

Belgrade 

3.411 

10,426 

3.32% 

Plausible 

Bozeman 

22.660 

37.000 

1.20% 

Unlikely 

Chester 

942 

1.418 

.86% 

Unlikely 

Choteau 

1.740 

2,792 

.98% 

Plausible 

Conrad 

2.891 

4.338 

.//% 

Unlikely 

Cut  Bank 

3,329 

6.069 

1.10% 

Unlikely 

Dillon 

3.991 

5,000 

.51% 

Plausible 

East  Helena 

1.538 

2.938 

1.30% 

Unlikely 

Fairfield 

660 

888 

.70% 

Plausible 

Fort  Benton 

1.660 

2,489 

.86% 

Unlikely 

Great  Falls 

55,097 

78,723 

.70% 

Unlikely 

Helena 

24.569 

31 ,624 

.50% 

Plausible 

Lewistown 

6,051 

9.618 

.68% 

Unlikely 

Power 

160 

233 

2.80% 

Plausible 

Shelby 

2,763 

4.387 

.74% 

Unlikely 

Three  Forks 

1.203 

1,860 

.88% 

Plausible 

Winifred 

150 

187 

.42% 

Unlikely 

West  Yellowstone     913 

2.246 

2.00% 

Unlikely 

Source:  U.S.  Bureau  of  Census  1990 


service  providers  would  still  constitute  a  growing 
segment  of  the  local  economic  scene. 

There  are  some  social  constraints  to  the  develop- 
ment of  large  irrigation  projects  involving  multiple 
landowners.  Projects  Involving  multiple  landowners 
require  them  to  jointly  assume  development  respon- 
sibilities, necessitating  substantial  coordination  and 
cooperation,  but  multi-party  irrigation  developments 
may  be  limited  by  the  difficulty  of  achieving  agree- 
ment on  land  use  goals,  financial  liabilities,  and  a 
coordinated  development  schedule  (DNRC  1990a). 
Projects  are  often  delayed  where  long-term  land- 
owner goals  differ  or  the  future  price  of  farm  products 
is  uncertain. 

Another  constraint  to  project  development  is  lo- 
cal landowner  opposition  to  installation  of  project 
facilities  on  their  property.  Major  components  of  the 
14  laigest  projects  (Table  6-1)  Include  pump  sta- 
tions, canals,  and  electric  lines  that  would  be  located 
on  land  owned  by  other  parties.  Often,  these  other 


parties  do  not  stand  to  profit  or  otherwise  benefit  from 
the  proposed  facilities,  and  may  object  to  having  them 
on  their  property. 

COMMUNITY  SERVICES 

Little  additional  permanent  employment  would 
result  from  the  development  of  Irrigation  projects. 
However,  projects  that  require  the  construction  of 
storage  reservoirs,  laige  pipelines,  or  extensive  canals 
could  require  more  labor  than  may  be  available  lo- 
cally. The  In-mlgratlon  of  workers  would  place  addi- 
tional demand  on  community  schools,  medical,  water 
supply,  waste  disposal  facilities,  and  law  enforcement 
agencies.  Most  construction  projects  would  be  com- 
pleted in  one  field  season,  and  these  impacts  would  be 
limited  to  that  time  period.  Projects  larger  than  2.500 
acres  or  requiring  laige-scale  construction  require 
additional  environmental  analysis  before  construc- 
tion begins. 

NO  ACTION  ALTERNATIVE 

If  the  Board  does  not  grant  any  of  the  reservation 
applications,  consumptive  water  users  could  still  ap- 
ply to  appropriate  water  through  the  water  use  per- 
mitting process.  If  unappropriated  water  is  not  avail- 
able, municipalities  could  still  buy  or  condemn  exist- 
ing water  rights.  It  is  difficult  to  predict  the  amount  of 
new  Irrigation  that  woiild  occur  through  the  permit- 
ting process  In  the  basin.  This  amount  would  depend 
on  economic  conditions,  the  effect  of  water  quality 
constraints,  and  the  physical  and  legal  availability  of 
water.  It  has  been  suggested  that  the  amount  of  new 
irrigation  developed  during  this  time  could  be  offset 
by  declines  in  existing  irrigated  acreage  due  to  poor 
economic  climate  and  changes  In  land  use  practices 
such  as  residential  subdivisions. 

Eventually  the  flows  of  the  Missouri  River  may  be 
divided  among  the  basin  states.  This  could  be  done  by 
Congress,  an  agreement  or  compact  between  the 
states,  or  by  the  U.S.  Supreme  Court.  In  any  case,  if 
reservations  are  not  granted  for  the  municipal  and 
irrigation  projects,  Montana's  case  for  protecting  water 
for  these  uses  would  not  be  as  strong.  According  to 
Trelease  (1982).  the  reservation  process  will  provide  a 
clear  basis  for  Montana  to  protect  water  for  future 
needs.  The  process  provides  this  by  carefully  docu- 
menting points  of  diversion  and  place  and  type  of  use. 
by  including  onfy  projects  that  are  at  least  maiglnally 
feasible,  and  by  requiring  the  reservants  to  be  diligent 
in  developing  their  reservations.  These  projects  also 
could  be  protected  to  some  extent  by  Identifying  them 
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in  a  state  water  planning  document  or  Inventoiylng 
them  as  future  water  development  needs. 

If  no  instream  reservations  are  granted,  Instream 
flows  In  many  streams  would  have  no  legal  protec- 
tion. In  some  Instances,  flows  might  be  appropriated 
to  the  point  where  a  stream  becomes  low  or  goes  dry 
with  resulting  detrimental  affects  to  aquatic  life,  wild- 
life, and  recreation.  On  streams  where  low  flows  are 
already  a  problem  (see  Tables  4-2,  4-4,  4-6,  and  4-8 
Chapter  4),  the  situation  could  worsen.  Electricity 
consumers  could  be  subject  to  higher  rates  because 
of  flow  reductions  caused  by  new  consumptive  use 
withdrawals,  and  water  quality  would  deteriorate  to 
the  detriment  of  some  water  uses.  However,  Murphy 
rights  might  protect  Instream  flows  on  some  streams, 
although  these  rights  could  be  reallocated  if  another 
use  Is  determined  to  be  of  higher  value.  Esdsting 
hydropower  rights  and  constraints  posed  by  arsenic 
pollution  have  already  limited  new  consumptive  use 
development  in  the  basin  above  Great  Falls.  How- 
ever, the  extent  to  which  arsenic  would  continue  to 
limit  new  development  is  unclear. 

A  benefit  of  granting  reservations  and  completing 
the  reservation  process  Is  that  It  provides  a  means  for 
the  state  to  divide  water  between  competing  intrastate 
users.  The  No  Action  Alternative  could  leave  the  state 
undecided  as  to  how  water  should  be  allocated  in  the 
basin.  This  could  harm  Montana's  ability  to  obtain 
its  share  of  Missouri  River  water  In  an  Interstate 
water  allocation  proceeding. 

If  existing  trends  continue,  few  new  storage  projects 
will  be  built  over  the  next  25  years.  This  is  because  of  the 
existing  environmental,  financial,  and  economic  con- 
straints, and  because  storage  projects  have  already  been 
constructed  at  mairy  of  the  best  sites. 

If  the  Board  does  not  grant  reservations,  the  water 
use  permits  issued  after  July,  1,  1985  (/^pendix  A) 
would  not  be  subordinated  to  any  of  the  reservations. 

MEASURES  THAT  COULD  BE 

ADOPTED  TO  REDUCE 

ADVERSE  EFFECTS 

The  Board  or  other  agencies  with  permitting  au- 
thority could  require  that  certain  measures  be  imple- 
mented to  reduce  or  eliminate  adverse  environmental 
impacts.  Most  of  the  reservation  applications  con- 
tain no  description  of  such  measures,  and  the  pre- 
ceding Impact  discussion  Is  based  on  the  assumption 
that  no  mitigating  measures  would  be  Implemented, 
except  for  BUREC's  Virgelle  project. 


BUREC  (undated)  described  the  following  mea- 
sures It  planned  to  use  to  reduce  impacts:  an  infil- 
tration gallery  would  be  used  at  the  Boggs  Island 
pump  station  to  reduce  the  transport  of  nonnatlve 
fish  from  the  Missouri  River  drainage  to  the  Milk 
River  drainage;  water  would  be  released  fi-om  Tiber 
Reservoir  to  mitigate  flow  reductions  caused  by  the 
diversion  when  flows  In  the  Missouri  River  near 
Virgelle  fall  below  the  90th  percentile  level;  and  a 
plastic  liner  would  be  used  tn  the  proposed  canal  to 
reduce  saline  seeps. 

As  described  In  Chapter  Four,  Canyon  Ferry  was 
built  in  1955  to  provide  water  for  new  Irrigation  de- 
velopment In  the  basin  above  Great  Falls  without 
reducing  MFC's  hydropower  generating  capacity. 
The  regulated  flows  provided  by  the  reservoir  benefit 
MFC's  hydropower  production.  Flows  that  allow  MFC 
to  generate  power  at  a  level  above  that  possible  with- 
out Canyon  Ferry  Reservoir  are  referred  to  as  "head- 
water benefits."  MFC  recognizes  and  pays  BUREC 
for  these  benefits.  As  described  in  Chapters  Four 
and  Six,  headwater  benefits  have  steadily  declined 
since  1955  as  new  irrigation  development  has  re- 
duced Missouri  River  flows.  Development  of  reserva- 
tions for  consumptive  use  would  further  reduce 
headwaters  benefits  to  MFC.  These  effects  would  be 
greatest  under  the  Consumptive  Use  Alternative  and 
IcEist  under  the  Instream  Alternative. 

DNRC  investigated  the  possibilities  of  altering 
Canyon  Feny  Reservoir  operations  to  enhance  or 
maintain  MFC  headwaters  benefits.  Two  options 
were  evaluated.  The  first  option  was  to  determine 
whether  MFC's  headwater  benefits  could  be  in- 
creased back  to  the  1955  level  given  present  irriga- 
tion development  along  with  the  new  development 
Included  in  the  Consumptive  Use  Alternative.  The 
second  option  was  to  determine  whether  headwater 
benefits  could  be  maintained  at  existing  levels  ( 1986 
level  of  Irrigation  development)  under  the  Consump- 
tive Use  Alternative.  These  options  were  investigated 
through  analysis  of  Canyon  Ferry  operations  and 
Missouri  River  flows  for  59  water  years  { 1 928- 1 986) 
using  the  Missouri  River  model.  Under  the  first 
option,  it  was  found  that  Canyon  Ferry  Reservoir 
levels  would  have  dropped  below  the  dead  and  inac- 
tive storage  level  tn  9  consecutive  years  of  the  59,  and 
storage  would  have  been  zero  in  8  consecutive  years 
(Figure  6-23).  Under  the  second  option.  Canyon 
Ferry  Reservoir  levels  would  have  dropped  below  the 
dead  and  inactive  storage  level  In  4  consecutive  years 
of  the  59,  and  storage  would  have  been  zero  during  4 
consecutive  months  (Figure  6-24). 
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Figure  6-23.  Hypothetical  Canyon  Ferry  Reservoir  contents  assuming  MFC's  headwaters  t>eneflts  were  to  be 
maintained  at  1955  levels 
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^    Flows  are  not  actual  flows  for  these  years  but  are  estimates  of  what  flows  would  have  been  1 )  if  Canyon  Ferry  Reservoir  were  in  place  for 
the  entire  period,  and  2)  if  irrigation  developnient  was  at  the  1 986  level,  or  the  1986  level  plus  the  new  development  included  in  the  Con- 
sumptive Use  Alternative. 


Figure  6-24.  Hypothetical  Canyon  Ferry  Reservoir  contents  assuming  MPC's  headwaters  benefits  were  to  be 
maintained  at  1986  levels 
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*    Flows  are  not  actUcU  flows  for  these  years  but  are  estimates  of  what  flows  would  have  been  1 )  if  Canyon  Ferry  Reservoir  were  in  place  for 
the  entire  period,  and  2)  if  irrigation  development  was  at  the  1986  level,  or  the  1986  level  plus  the  new  development  included  in  the  Con- 
sumptive Use  Altemative. 
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These  results  suggest  that  it  is  not  possible  to 
maintain  MFC's  headwater  benefits  at  the  1955  level 
under  the  Consumptive  Use  Alternative.  However,  it 
may  be  possible  to  maintain  headwater  benefits  at 
the  1986  level  under  the  Consumptive  Use  and  Com- 
bination alternatives.  These  latter  options  will  need 
to  be  evaluated  further.  The  results  will  be  Included 
in  the  final  EIS. 

DNRC  also  examined  the  possibility  of  using 
water  stored  in  Tiber  Reservoir  to  reduce  depletions 
that  would  occur  in  the  lower  Marias  River  and  in  the 
wild  and  scenic  reach  of  the  Missouri  River  under  the 
Consumptive  Use  and  Combination  alternatives. 
Without  mitigation,  flows  in  the  lower  Marias  River 


would  decrease  substantially  and  cease  during  July 
in  the  driest  1  year  in  10  under  the  Consumptive  Use 
Alternative. 

Under  the  Consumptive  Use  Alternative,  releas- 
ing water  stored  in  Tiber  Reservoir  could  maintain 
flows  above  the  90th  percentile  exceedance  rate  in 
the  lower  Marias  River  in  all  months  except  Septem- 
ber. The  90th  percentile  monthly  exceedance  flows 
in  the  Marias  River  near  Loma  are  presented  in  Fig- 
ure 6-25  under  baseline  conditions,  the  Consump- 
tive Use  Alternative,  and  with  mitigation.  In  the 
Missouri  River  at  Virgelle,  use  of  stored  water  would 
increase  flows  from  June  through  September  (Figure 
6-25).  Releasing  stored  water  would  reduce  the  long- 


Figure  6-25.  Effects  of  mitigation  on  Marias  and  Missouri  River  fiows  under  the  Consumptive  Use  Aiternative 
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term  average  Tiber  Reservoir  pool  elevation  from 
2,983  to  2.970  feet.  The  minimum  elevation  would 
decline  77  feet  from  2.970  to  2.893  feet,  and  the 
maximum  elevation  would  increase  8  feet  from  3.0 10 
to  3,018  feet.  Figure  6-26  Illustrates  the  effects  this 
type  of  mitigation  would  have  on  Tiber  Reservoir 
elevations  during  the  driest  year  In  ten. 

Under  the  Combination  Alternative,  release  of 
water  stored  In  Tiber  Reservofr  would  allow  flows  In 
the  lower  Marias  River  to  remain  at  or  above  the  90th 
percentile  exceedance  rate  In  all  months  (Figure  6- 
27) .  In  the  Missouri  River  near  Vlrgelle,  flows  during 


June.  July,  August,  and  September  would  range 
from  3,683  to  5,400  cfs  (Figure  6-27).  Releasing 
stored  water  would  reduce  the  long-term  average 
Tiber  Reservofr  pool  from  2,983  to  2,972  feet.  The 
minimum  elevation  would  decline  68  feet  from  2,970 
to  2,902  feet,  and  the  maximum  elevation  would 
increase  8  feet  from  3,0 10  to  3,0 1 8  feet.  Figure  6-26 
Illustrates  the  effects  this  type  of  mitigation  would 
have  on  Tiber  Reservoir  elevations  during  the  driest 
year  in  ten. 

DNRC  Identified  other  Impacts  that  could  be  re- 
duced by  Implementing  certain  measures.  Table  6- 


Figure  6-26.  Effects  of  mKigation  on  Tiber  Reservoir  elevations  under  the  Consumptive  Use  and  Combination 
alternatives 
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50  lists  these  Impacts  and  measures  that  coiild  be 
required  by  the  Board  or  other  agencies  with  permit- 
ting authority  to  reduce  or  eUmlnate  these  impacts. 

IRREVERSIBLE  AND 

IRRETRIEVABLE  COMMITMENT 

OF  RESOURCES 

In  this  discussion,  irretrievably  committed  re- 
sources are  those  that  would  be  lost  to  the  water 
reservations.  For  example,  hydropower  that  could 
not  be  produced  because  water  was  diverted  would 


be  lost,  but  hydropower  production  theoretically 
could  resume  If  diversions  were  to  stop. 

Irreversible  commitment  of  resources  refers  to 
the  loss  of  resources  with  no  possibility  of  reclaiming 
them,  such  as  eroded  topsoil  or  concrete  used  In 
building  dams. 

Water  Availability 

Granting  reservations  for  consumptive  uses 
would  commit  water  for  future  Irrigation  and  munici- 
pal use.  Committing  water  for  these  uses  may 
preclude  other  future  uses  of  the  water.  However. 


Figure  6-27.  Effects  of  mitigation  on  Marias  and  Missouri  River  fiows  under  the  Combination  Alternative 

90  PERCENT  EXCEEDANCE  FLOWS 


MARIAS  RIVER  NEAR  LOMA 


■    Baseline 

0    Combination  Aternatlvs 

00    Tiber  Mitigation 


ii 


OCT    NOV    DEC   JAN     FEB  MAR   APR   MAY    JUN    JUL    AUG    SEP 


MISSOURI  RIVER  AT  VIRGELLE 


I 


■    Baseline 

Zl    Combination  Alternative 

m    Tiber  Mitigation 


OCT  NOV  DEC  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP 


242 


Table  6-50.  Measures  that  could  be  adopted  to  reduce  Impacts 
Type  of  Impacts 


Measures  to  Reduce  Impacts 


Irrigation  projects  conflict  with  existing  land  uses,  such 
as  residences,  highways,  and  recreation  sites. 

Landowners  not  benefitting  from  irrigation  projects  have 
not  been  informed  of  pipelines  and  canals  crossing 
their  land. 

Diversions  for  irrigation  projects  could  create  hazards 
to  recreational  floaters. 

Dust,  noise,  and  traffic  during  constructron  of  projects 
3,000  acres  or  larger  could  interfere  with  recreation. 

Resen/oir  levels  could  drop  and  make  boat  ramps  and 
docks  unusable. 

Sediment  would  be  introduced  to  streams  during  con- 
struction of  dams  and'or  diversions. 

Rsh  could  be  killed  in  pumps  for  large  diversions 
(pipelines  greater  than  15  inches  in  diameter)  or  canal 
diversions. 

Consumptive  water  uses  could  cause  flow  to  cease  in 
the  Marias  River,  harming  fisheries  and  recreation. 

Historical,  archaeological,  or  paleontological  resources 
could  be  destroyed  during  project  construction. 

Wateriogging  of  soils  due  to  poor  soil  drainage. 

Sediment  introduced  from  construction  of  projects. 

Decreased  soil  productivity  from  mixing  soil  layers 
when  burying  pipelines. 

Soil  compaction  and/or  rutting  from  heavy  equipment 
used  to  Install  pipelines. 

Erosion  on  steep  slopes  and  stream  banks  from  pipe- 
line construction. 


Conflicts  between  reservants  and  existing  water  users 
over  available  water. 

Salinity  increase  from  local  irrigation  projects 

f 

Destruction  of  grouse  leks. 

Disturbance  of  grouse  leks  dose  to  agricultural  activity. 


Redesign  the  project  so  conflicts  are  reduced. 


Establish  a  process  for  consultation  with  landowners  to  resolve  land  use  conflicts. 


Provide  "safe  passage"  to  floaters.  Provide  a  portage  route  around  hazardous  di- 
version structures. 

Avoid  cx)nstruction  during  peak  periods  of  recreational  use  (weekends  and  holidays 
during  the  summer). 

Extend  boat  ramps  and  docks. 


Conduct  instream  construction  activities  during  periods  of  low  flow.  Build  temporary 
coffer  dams  around  instream  construction  sites  to  limit  the  transport  of  sediment. 

Reduce  intake  velocities  below  the  swimming  speed  for  game  fish  and  spedes  of 
special  concern  in  that  stream  reach. 


Release  stored  water  from  Tiber  Reservoir  to  maintain  an  instream  flow. 


Sites  discovered  during  construction  should  be  evaluated. 


Install  artifidal  drainage  systems  to  fadlitate  soil  drainage. 

Revegetate  disturtjed  areas  to  reduce  erosion. 

Double-lift  soil  during  trenching;  top  12  inches  excavated,  stored,  and  replaced 
separate  from  subsoil.  Pick  large  rocks  prior  to  topsoil  replacement. 

Retain  stubble  on  worthing  side.  Suspend  construction  during  wet  periods.  Post- 
construction  deep  ripping  of  soil  along  working  side. 

Clear  vegetation  immediately  before  pipeline  construction.  Install  cross  ditch  and 
berm  structures  to  divert  water  flow  away  from  pipeline  trench.  In  severe  cases, 
install  sack  breakers  or  subdrains  to  force  seepage  to  surface.  Recontour  to  original 
slope  and  promptly  revegetate.  Use  jute  mesh  on  highly  erodible  soils  with  slopes 
10  percent  or  greater. 

Install  measuring  devices.  Hire  a  water  commissioner  to  monitor  diversions  and 
allocate  water  in  accordance  with  water  rights. 

Design  effective  irrigation  systems  and  monitor  release. 

Conduct  studies  of  proposed  projects  to  determine  if  leks  are  present.  If  present, 
leave  lek  and  buffer  strip  (100  meters)  around  lek. 

Peak  displaying  and  mating  by  grouse  takes  place  in  the  earty  morning  from  dawn 
to  7:00  a.m.  Avoid  farming  activities  in  the  eariy  morning  within  1/2  mile  of  leks  dur- 
ing the  grouse  breeding  season. 
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Table  6-50  (continued) 

Type  of  Impacts 


Measures  to  Reduce  Impacts 


Disturt)ance  of  nesting  raptors. 


Killing  big  game  to  alleviate  crop  damage. 


Destruction  of  sensitive  plants. 


Proliferation  of  noxious  weeds. 


Existing  wells  made  unusable  by  reducing  water  levels 
through  new  consumptive  use. 


Avoid  farming  activities  within  1/2  mile  of  raptor  nests  during  the  nesting  and 
brood-rearing  period  (March-July).  Nests  screened  from  activity  by  terrain  and 
trees  would  be  less  susceptible  to  disturtiance  and,  therefore,  could  be  ap- 
proached to  within  1/4  mile.  Raptors,  like  other  wildlife,  usually  become  accus- 
tomed to  human  disturtance,  particulariy  if  the  disturbance  is  consistent  and  fol- 
lows regular  patterns. 

Fence  haystacks  against  deer  and  elk.  Use  nonlethal  means  such  as  noise  or 
herding  to  keep  wildlife  away  from  crops.  Regulate  livestock  grazing  adjacent  to 
crop  fields  to  allow  adequate  amounts  of  forage  to  sustain  wildlife  over  winter. 

Conduct  field  surveys  to  determine  if  sensitive  plants  are  present.  If  present,  do 
not  convert  native  vegetation  to  cropland. 

Consult  with  county  weed  board  to  determine  the  probability  that  noxious  weeds 
would  become  a  problem.  Monitor  for  the  initial  appearance  of  noxious  weeds. 
Eradicate  initial  colonies  of  noxious  weeds  before  they  spread,  using  methods  rec- 
ommended by  the  county  weed  board. 

Drill  replacement  wells. 


provisions  of  the  Water  Use  Act  require  the  Board  to 
review  reservations  at  least  every  10  years.  If  objec- 
tives of  the  reservation  are  not  being  met,  the  Board 
may  extend,  modify,  or  revoke  the  reservation. 

Reservation  of  water  for  instream  use  also  may 
preclude  future  uses  of  the  water.  However,  water 
reserved  for  Instream  use  is  not  necessarily  perma- 
nently unavailable  for  other  uses.  The  Board  may 
reallocate  part  or  all  of  an  instream  flow  reservation 
to  another  qualified  reservant  if  the  Board  finds  that 
the  water  is  not  required  for  its  original  purpose  and 
that  the  need  for  the  new  use  outweighs  the  need  for 
the  original  reservation.  The  Board  also  may  revoke 
or  modify  the  reservation  if  the  reservation  is  later 
found  to  exceed  the  flows  necessary  to  meet  the 
purpose  of  the  reservation.  Water  made  available  in 
this  way  could  be  appropriated  for  other  uses. 

Water  Quality 

Water  quality  would  be  altered  as  reserved  water 
is  diverted  for  irrigation  and  municipalities.  On  some 
streams,  water  temperature  and  TDS  would  increase, 
dissolved  oxygen  levels  could  fall,  and  arsenic  con- 
centrations would  Increase.  These  effects  might  be 
reversible  if  reserved  water  is  abandoned  and  no 
longer  diverted.  Instream  flow  reservations  would 
not  directly  affect  water  quality. 


Soils 

Soils  could  be  lost  through  erosion.  Irretrievable 
commitments  of  soil  quality  would  be  made  where 
native  rangeland  is  converted  to  Irrigation  and  where 
rangeland  is  disturbed  by  construction  activities  as 
municipal  reservations  are  put  to  use.  Reservations 
for  instream  purposes  would  not  affect  soil  quality. 

Land 

The  conversion  of  rangeland  to  irrigated  crop- 
land, construction  of  pipelines,  canals,  and 
powerllnes,  and  flooding  of  land  by  reservoirs  would 
irretrievably  devote  affected  land  to  these  uses  dur- 
ing project  lifespan.  Instream  reservations  would 
have  no  irretrievable  land  use  effects.  Construction 
of  reservoirs  and  municipal  waterworks  are  gener- 
alfy  irreversible  land  use  commitments. 

FISHERIES  AND  AQUATIC  HABITAT 

Aquatic  habitat  and  fisheries  could  be  lost  or 
damaged,  especially  during  periods  of  low  flow,  as 
reserved  water  is  consumed  for  irrigation  and  mu- 
nicipal projects.  Such  effects  would  be  reversible  if 
reserved  rights  were  abandoned  permanently  and 
the  reserved  water  returned  to  the  affected  streams. 
Reservations  for  Instream  uses  would  not  cause  a 
loss  or  damage  to  aquatic  resources. 
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Wildlife 

Conversion  of  wildlife  habitat  to  irrigated  agricul- 
ture would  commit  some  resources  Irretrievably.  Ir- 
retrievable commitments  would  Include  crops  dam- 
aged by  wildlife  depredation  and  habitat  lost  to  cul- 
tivation while  fields  are  being  irrigated  and  managed 
to  produce  crops.  Theoretically,  the  eventual  cessa- 
tion of  irrigation  followed  by  gradual  reversion  to 
native  plant  communities  would  result  In  reestab- 
llshment  of  native  habitat  for  species  unable  to  use 
irrigated  croplands  for  food  and  cover. 

If  irrigated  croplands  were  abandoned,  big  game 
animals  would  continue  to  use  them,  but  depreda- 
tion complaints  would  decrease  and  there  would  be 
less  need  for  control  measures  such  as  damage 
hunts.  Landowners  usually  are  more  tolerant  of  big 
game  use  of  native  range  and  noncultivated  fields 
than  they  are  of  losses  to  high-value  cultivated  crops. 

VEGETATION 

Native  plants  would  be  eliminated  from  irrigated 
cropland.  Eventual  of  irrigation  and  other  crop  man- 
agement would  allow  native  plants  to  recolonize  this 
land.  Full  reestablishment  of  native  plant  communi- 
ties would  require  more  than  50  years  if  no  efforts 
were  taken  to  reseed  native  species.  This  time  would 
be  much  less  if  active  measures  are  taken  to  reveg- 
etate  abandoned  croplands  with  native  plants. 

Historical,  Archaeological,  and 
Paleontological  Resources 

Construction  of  Irrigation  or  municipal  projects 
might  cause  an  irreversible  loss  of  historical,  ar- 
chaeological, or  paleontological  materials  that  could 
lead  to  a  better  understanding  of  Montana's  past  If 
information  contained  in  these  sites  were  not  re- 
trieved. Instream  flow  would  not  affect  these  re- 
sources. 

Recreation 

Use  of  reserved  water  for  Irrigation  and  munici- 
pal projects  would  cause  the  loss  of  recreational  op- 
portunities during  the  period  of  withdrawal  on  some 
streams.  This  impact  could  be  reversed  if  reserved 
water  rights  were  abandoned  and  water  returned  to 
the  affected  stream.  Reservations  for  instream  use 
would  not  diminish  recreational  resources. 


Energy  and  Materials 

Energy  and  fuel  committed  to  Irrigation  and 
municipal  development  and  operation  would  be  per- 
manently lost.  Some  of  the  materials  used  in  irriga- 
tion development,  such  as  irrigation  pipe  and  sprin- 
klers, could  be  retrieved  in  the  future  and  reused  or 
recycled.  No  energy  or  material  resources  would  be 
committed  as  a  result  of  instream  use.  Projects 
would  require  up  to  370  GWh  of  electric  power  which 
would  not  be  available  for  other  use. 

Socioeconomic  Resources 

No  socioeconomic  resources  would  be  irretriev- 
ably or  Irreversibly  lost. 

IRRETRIEVABLE  LOSSES  OF 
NATURAL  RESOURCES  AND 

DEVELOPMENT  OPPOR- 
TUNITIES RESULTING  FROM 
FAILURE  TO  RESERVE  WATER 

The  Board's  decision  criteria  require  consider- 
ation of  whether  failure  to  reserve  water  would  result 
in  irretrievable  loss  of  a  natural  resource  develop- 
ment opportunity  (36. 16. 107B  4d  ARM).  If  reserva- 
tions for  Instream  flow  and  consumptive  uses  are  not 
granted,  there  would  be  no  loss  of  opportunities  for 
water  development  where  water  is  physically  and 
legally  available.  Such  development  could  take  place 
under  the  water  use  permit  system.  Depending  on 
the  location,  timing,  and  amount  of  water  diverted, 
new  water  use  permits  could  cause  an  irretrievable 
loss  of  water  quality,  fisheries,  and  opportunities  for 
recreation. 

Reservations  for  Instream  flow  are  the  only  way 
to  protect  streamflow  for  water  quality,  fish,  and 
recreation  on  nearly  all  streams  where  such  reserva- 
tions are  requested.  Failure  to  grant  reservations  for 
Instream  flow  could  result  In  losses  of  these  natural 
resources. 

Development  opportunities  also  could  be  lost  if 
downstream  states  receive  rights  to  Missouri  River 
flows  that  originate  In  Montana.  The  reservation 
proceeding  was  seen  by  the  legislature  as  a  way  to 
protect  water  for  Montana's  future  needs.  Informa- 
tion pertaining  to  project  location  and  water  require- 
ments In  the  reservation  applications  could  be  used 
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In  place  of  reservations  as  evlderice  of  Montana's 
future  water  needs  In  negotiations  or  litigation  with 
downstream  states. 

If  the  Board  approves  reservations  for  Instream 
flow  but  does  not  approve  reservations  for  consump- 
tive uses,  less  water  would  be  available  for  future 
appropriation.  As  a  consequence,  development  op- 
portunities could  be  lost  at  least  temporarily,  but 


natural  resources  would  not  be  irretrievably  commit- 
ted. If  no  reservations  were  granted  for  municipal 
use,  municipalities  could  condemn  water  rights  and 
avoid  any  loss  of  development  opportunity.  The 
Board  can  reallocate  an  Instream  reservation  in  the 
future  upon  finding  that  all  or  part  of  a  reservation 
for  instream  flow  Is  not  required  for  Its  purpose,  and 
that  another  applicant  has  shown  a  need  outweigh- 
ing that  of  the  original  reservant. 
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CHAPTER  SEVEN 


BOARD  DECISION  CRITERIA 


INTRODUCTION 

The  decision  of  whether  to  grant  or  deny  the 
requested  water  reservations  rests  with  the  Board. 
To  reach  Its  decision,  the  Board  will  have  to  consider 
the  environmental  Impacts  described  in  Chapter  Six. 
and  abide  by  the  statutory  criteria  explained  below. 

QUALIFICATIONS  AND 
PURPOSE 

Before  it  can  grant  a  reservation,  the  Board  must 
find  that  the  applicant  is  qualified  to  reserve  water 
and  that  the  purpose  of  the  reservation  is  a  beneficial 
use  (Section  85-2-316(1)  and  85-2-316(4)(a)(i).  MCA; 
ARM  36.16.107B(1)).  A  qualified  appUcant  is  any 
state  or  political  subdivision  or  agency  of  the  state  or 
federal  government.  Water  may  be  reserved  for  exist- 
ing or  future  beneficial  use  or  to  maintain  a  mini- 
mum flow,  level,  or  quality  of  water. 

NEED 

A  reservation  can  only  be  granted  if  the  Board 
finds  that  the  reservation  is  needed  (Section  85-2- 
3 1 6(4)(a)(U) ,  MCA) .  A  reservation  Is  needed  If  "there  is 
a  reasonable  likelihood  that  future  Instate  or  out-of- 
state  competing  water  uses  would  consume,  degrade, 
or  otherwise  affect  the  water  available  for  the  purpose 
of  the  reservation"  (ARM  36. 16. 107B(2)(a)),  or  If  "there 
are  constraints  that  would  restrict  the  applicant  from 
perfecting  a  water  permit  for  the  intended  purpose  of 
the  reservation"  (ARM  36. 16. 107B(2)(c)). 

AMOUNT 

TTie  Board  must  determine  the  amount  of  water 
needed  to  fulfill  the  purpose  of  the  reservation  (Sec- 
tion 85-2-316(4)(A)(lII),  MCA).  This  amount  must  be 
based  on  "accurate  and  suitable"  methods  and  as- 
sumptions. The  Board  must  find  that  there  are  no 
"reasonable  cost-effective  measures  that  could  be 
taken  within  the  reservation  term  to  Increase  the  use 


efflclency  and  lessen  the  amount  of  water  required" 
(ARM  36.16.107(3)). 

PUBLIC  INTEREST 

The  Board  must  find  that  the  reservation  Is  In  the 
pubUc  interest  (Section  85-2-316(4)(a)(iv),  MCA).  In 
making  this  determination,  the  Board  must  weigh 
and  balance 

(a)  whether  the  expected  benefits  of  applying 
the  reserved  water  to  beneficial  use  are  reason- 
ably likely  to  exceed  the  costs;  (b)  whether  the 
net  benefits  associated  with  granting  a  reserva- 
tion exceed  the  net  benefits  of  not  granting  the 
reservation;  (c)  whether  there  are  no  reason- 
able alternatives  to  the  proposed  reservation 
that  have  greater  net  benefits;  (d)  whether  fail- 
ure to  reserve  the  water  will  or  is  likely  to  result 
in  an  Irretrievable  loss  of  a  natural  resource  or 
an  Irretrievable  loss  of  a  resource  development 
opportunity;  and  (e)  whether  there  are  no  sig- 
nificant adverse  Impacts  to  public  health,  wel- 
fare, and  safety. 

The  Board  also  may  consider  other  factors  It 
finds  relevant  (ARM  36.16.107B(4)). 

DILIGENCE 

If  the  purpose  of  the  reservation  requires  con- 
struction of  a  storage  or  diversion  facUlty,  the  appli- 
cant shaU  establish  to  the  satisfaction  of  the  Board 
that  there  will  be  progress  toward  completion  of  the 
faclUty  and  accomplishment  of  the  purpose  with  rea- 
sonable diligence  in  accordance  with  an  established 
plan  (Section  85-2-3 16(5),  MCy«0. 

NO  ADVERSE  EFFECT  ON 
SENIOR  WATER  RIGHTS 

The  proposed  reservations  must  not  adversely 
affect  water  rights  In  existence  at  the  time  of  adoption 
(Section  85-2-3 16(9),  MCA).  Areservation carmot  be 
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granted  If  the  record  of  the  contested  case  hearing 
shows  that  the  exercise  of  senior  water  rights  would 
be  adversely  affected.  It  should  be  noted  that  the 
Board  has  the  option  to  subordinate  the  reservations 
to  water  use  permits  Issued  after  the  reservation 
priority  date  of  July  1,  1985.  The  Board,  however, 
must  find  that  such  subordination  would  not  inter- 
fere substantially  with  the  purpose  of  any  reserva- 
tion (Section  85-2-331(4),  MCA). 

BOARD  DECISION  CRITERIA 

In  the  following  sections,  applications  are  briefly 
reviewed  in  light  of  the  Board's  criteria  for  granting 
reservations.  During  the  contested  case  hearing, 
individual  applicants  have  an  opportunity  to  present 
additional  information  showing  how  they  have  met 
these  criteria. 

QUALIFICATIONS  AND 
PURPOSE 

Conservation  Districts 

Conservation  districts  are  political  subdivisions 
of  the  state  which  were  organized  under  the  state 
Consenratlon  Districts  Act  (Section  76-15-101.  et 
seq.,  MCA).  The  primary  purpose  of  reservations  for 
the  conservation  districts  is  to  provide  water  for  irri- 
gation, which  is  a  beneficial  use  as  defined  in  Section 
85-2- 102(2)(a),  MCA. 

MONTANA  DEPARTMENT  OF  FiSH,  WILDLIFE 

AND  Parks 

DFWP  is  an  agency  of  the  state.  The  primaiy 
purpose  of  the  requested  reservations  Is  to  maintain 
instream  flows  to  protect  fish  and  wildlife  and  to 
sustain  adequate  levels  of  water  quality.  These  are 
beneficial  uses  under  sections  85-2-102(2)(a)  and 
85-2-316(1),  MCA  and  ARM  36. 16. 102(3). 

montana  department  of  health  and 
Environmental  Sciences 

DHES  Is  an  agency  of  the  state.  The  purpose  of 
DHES's  application  is  to  reserve  water  to  maintain 
flows  in  the  main-stem  Missouri  River  to  dilute  natu- 
rally occurring  arsenic  which  is  a  carcinogen.  Re- 
serving water  to  maintain  water  quality  is  authorized 
under  sections  85-2-102(l)(6)  and  85-2-316(1).  MCA, 
and  defined  as  a  beneficial  use  under  ARM 
36.16.102(3). 


Municipalities 

Incorporated  municipalities  are  political  subdivi- 
sions of  the  state.  The  purpose  of  the  municipal 
reservations  is  to  reserve  water  for  future  municipal 
growth  including  domestic  water  supplies,  irrigation 
of  lawns,  parks,  and  city  grounds;  and  commercial 
and  industrial  uses.  Municipal  use  is  defined  as  a 
beneficial  use  In  Section  85-2-102(2)(a). 

U.S.  BUREAU  OF  Land  Management 

BLM  Is  a  federal  agency.  The  purpose  of  BLM's 
application  is  to  reserve  instream  flows  to  protect 
fish,  wildlife,  and  recreational  resources.  These  are 
defined  as  beneficial  uses  under  sections  85-2- 
102(2)(a)  and  85-2-316(1),  MCA.  BLM  also  has  ap- 
plied for  Instream  flows  to  maintain  channel  stabil- 
ity. Maintenance  of  a  minimum  flow,  level  or  quality 
of  water  is  authorized  by  Section  85-2-316(1)  MCA 
and  is  defined  as  a  beneficial  use  under  ARM 
36.16.102. 

U.S.  BUREAU  OF  Reclamation 

As  a  federal  agency,  BUREC  is  a  public  entity. 
The  purpose  of  BUREC's  application  is  to  divert  water 
from  the  Missouri  River  to  the  Milk  River  for  new  and 
supplemental  irrigation,  municipal  and  stock  use, 
and  for  the  Lake  Bowdoln  National  Wildlife  Refuge. 
These  are  considered  beneficial  uses  as  defined  in 
Section  85-2- 102(2)(a),  MCA. 

NEED 

Conservation  Districts 

Reservations  would  allow  conservation  districts 
to  establish  an  early  priority  date  for  water  to  be  used 
in  the  future.  If  the  conservation  districts  do  not 
have  water  reservations,  they  still  might  be  able  to 
develop  proposed  projects  through  the  water  permit- 
ting process.  Permits  generally  require  that  the  de- 
velopment be  completed  in  2  to  3  years.  However, 
due  to  present  economic  constraints,  the  irrigation 
development  proposed  by  the  conservation  districts 
may  not  occur  for  some  time.  In  the  meantime,  if  the 
needed  water  were  not  reserved,  it  could  be  appropri- 
ated by  competing  users  In  Montana  and  in  down- 
stream states.  An  interstate  allocation  proceeding  in 
the  Missouri  River  basin  is  unlikely  in  the  near  fu- 
ture. However,  competing  water  users,  including 
applicants  who  have  applied  for  instream  flow  pur- 
poses, could  limit  the  amount  of  water  available  for 
future  appropriation. 
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MONTANA  DEPARTMENT  OF  FiSH,  WILDLIFE 

AND  Parks 

Under  Montana  law,  a  water  right  for  instream 
uses  can  only  be  secured  by  obtaining  a  water  reser- 
vation. A  temporary  water  leasing  program  Is  under- 
way which  allows  leasing  of  existing  water  rights  on 
1 0  streams  for  Instream  flows  In  order  to  maintain  or 
enhance  the  fisheries.  This  pilot  program  Is  designed 
to  relieve  stress  to  fisheries  In  streams  that  are  sub- 
ject to  low  flows.  Therefore,  Its  applicability  Is  very 
limited  throughout  the  basin.  If  DFWP  does  not 
obtain  a  reservation,  the  water  It  is  requesting  could 
be  appropriated  for  consumptive  uses.  In  some  In- 
stances, this  could  have  severe  detrimental  effects 
on  fish,  wildlife,  recreation,  and  water  quality.  It  Is 
possible  that  Murphy  rights,  hydropower  water 
rights,  and  the  high  arsenic  concentration  in  the 
Missouri  and  Madison  rivers  may  preclude  some 
consvimptlve  use  projects  and  thus  provide  some 
level  of  Instream  flow  protection. 

Montana  department  of  health  and 
environmental  sciences 

Present  arsenic  concentrations  In  the  Missouri 
FUver  basin  exceed  the  Instream  standard  adopted 
by  the  Montana  Board  of  Health  and  Environmental 
Sciences.  Existing  concentrations  are  far  in  excess 
of  the  standard  In  the  Madison  River  (12,900  times 
greater  than  the  standard  at  West  Yellowstone.  3.400 
times  greater  than  the  standard  at  Three  Forks)  and 
In  the  Missouri  River  (1.500  times  greater  than  the 
standard  at  Toston,  and  700  times  greater  than  the 
standard  at  Landuslty).  Additional  consumptive 
water  use  would  decrease  the  amount  of  water  avail- 
able to  dilute  arsenic,  ff  present  dilution  of  arsenic  in 
the  Missouri  River  is  not  maintained,  people  who 
drink  this  water  face  Increased  cancer  risks  and 
treatment  costs.  Under  Montana  law.  a  water  right 
for  instream  flow  to  protect  water  quality  can  only  be 
obtained  through  a  water  reservation. 

Municipalities 

A  reservation  Is  the  only  means  to  obtain  an  early 
priority  date  for  water  that  will  be  needed  to  meet 
projected  municipal  growth  in  the  basin  over  the 
coming  decades.  In  the  future,  all  available  water  In 
the  basin  may  be  appropriated  by  competing  agricul- 
tural. Industrial,  and  instream  users.  Without  a 
reservation,  municipalities  may  have  to  go  through  a 
costly  process  of  buying  or  condenming  existing 
water  rights  to  meet  Increasing  demands. 


When  the  City  of  Bozeman  submitted  its  applica- 
tion, it  was  uncertain  whether  Hyalite  Reservoir 
would  be  enlarged.  Therefore,  the  city  disregarded 
Hyalite  as  a  potential  source  of  water  In  its  applica- 
tion. The  enlargement  of  Hyalite  Reservoir  has  been 
Initiated  and  will  Increase  Bozeman's  armual  entitle- 
ment from  3.168  acre-feet  to  5.179  acre-feet  for  an 
increase  of  2.0 1 1  acre-feet.  Consequently  the  Board 
may  wish  to  consider  a  smaller  reservation  for  the 
City  of  Bozeman. 

U.S.  BUREAU  OF  Land  Management 

BLM  requested  year-round  instream  flows  for 
protecting  fish  and  wildlife  habitat  and  at  least  a  brief 
period  of  bankfuU  flow  every  second  year  for  charmel 
maintenance.  If  BLM  does  not  obtain  a  reservation, 
the  water  requested  could  be  appropriated  for  con- 
sumptive uses,  and  fish,  wildlife,  and  recreational  re- 
sources could  be  adversefy  affected  on  some  streams. 

U.S.  BUREAU  OF  RECLAMATION 

Milk  River  Irrigators  face  water  shortages  in  4 
years  out  of  10.  In  the  past,  the  water  supply  In  the 
basin  has  been  20  percent  less  than  needed  to  meet 
existing  demand,  with  an  average  shortfall  of  12 1 .500 
acre-feet  per  year.  Federal  reserved  rights  claims  by 
tribes  on  the  Fort  Belknap  and  Rocky  Boy's  Indian 
resenratlons  and  by  the  U.S.  Fish  and  Wildlife  Ser- 
vice for  Bowdoln  Wildlife  Refuge  have  an  earlier  pri- 
ority date  than  most  nonfederal  water  rights  in  the 
MUk  River  drainage.  The  Province  of  Alberta  also  has 
plans  to  develop  more  water  from  the  Milk  River 
under  Its  entitlement  based  on  the  1909  Boundary 
Waters  Treaty.  Together,  these  factors  could  In- 
crease water  supply  problems  In  the  basin.  Also, 
potential  users  could  appropriate  Missouri  River 
flows  so  that  water  would  not  be  available  to  divert 
Into  the  Milk  River  basin.  The  diversion  project  pro- 
posed by  BUREC  at  Virgelle  would  supply  an  addi- 
tional 89,000  acre-feet  per  year  to  the  drainage, 
thereby  helping  to  ease  water  supply  problems.  Some 
of  the  water  has  been  earmarked  to  satisfy  federal 
reserved  rights  for  the  tribes  on  the  Fort  Belknap  and 
Roclqr  Boy's  reservations,  and  for  the  Lake  Bowdoin 
National  Wildlife  Refuge. 

AMOUNT 

CONSERVATION  DISTRICTS 

The  amounts  of  water  requested  by  the  conser- 
vation districts  are  based  on  the  requirements  of 
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Individual  irrigation  projects  (Table  3-1).  Basically, 
the  water  needed  for  each  project  was  calculated  by 
multiplying  the  project  acreage  by  the  estimated  crop 
consumptive  use  requirement  per  acre,  and  then 
dividing  this  number  by  the  irrigation  system  efQ- 
ciency.  Four  general  types  of  irrigation  systems  were 
included  in  tJie  conservation  district  applications; 
center  pivots  sprinklers,  side-roll  sprinklers,  hand- 
line  sprinklers,  and  flood  systems. 

Most  projects  Included  in  conservation  district 
applications  below  Canyon  Ferry  Dam  were  designed 
to  use  efilcient  sprinkler  irrigation  systems.  Applica- 
tions for  conservation  districts  above  Canyon  Feny 
Dam  Include  projects  with  sprinkler  Irrigation  sys- 
tems, and  a  few  others  which  were  designed  for  less 
efliclent  flood-Irrigation  systems. 

Some  of  the  conservation  district  applications 
include  water  storage  projects.  The  design  of  these 
projects  incorporates  the  Intended  use  of  the  reser- 
voir, estimated  water  yields  of  the  drainage,  reservoir 
evaporation,  and  dam  size.  Where  reservoirs  where 
designed  to  supply  water  for  irrigation,  the  predicted 
reservoir  yield  was  used  in  determining  the  amount 
of  land  that  could  be  irrigated .  Four  reservoirs  would 
be  designed  to  provide  water  for  fish,  wildlife,  recre- 
ation, or  Are  protection. 

In  developing  the  applications,  the  conservation 
districts  and  DNRC  examined  many  potential  irriga- 
tion projects.  However,  only  those  projects  consid- 
ered to  be  economically  feasible  at  least  10  percent  of 
the  time  were  included  in  the  final  applications.  In 
the  draft  EIS,  DNRC  included  all  proposed  projects 
in  the  application  under  the  Consumptive  Use  Alter- 
native, but  the  Combination  Alternative  was  designed 
to  Include  only  those  proposed  projects  that  were 
economically  feasible  at  least  50  percent  of  the  time. 

Irrigation  projects  were  included  in  the  conserva- 
tion district  applications  if  suflficient  water  is  physi- 
cally available  at  the  points  of  diversion  to  satisfy 
Individual  projects.  On  some  streams  where  there  is 
more  than  one  proposed  Irrigation  project,  total  pro- 
posed diversion  rates  would  exceed  the  flow  of  the 
stream  in  dry  years. 

Montana  Department  of  Fish,  Wildlife 
AND  Parks 

DFWP  used  seven  different  methods  to  deter- 
mine the  amount  of  streamflow  necessary  to  pro- 
tect fish,  wildlife,  recreation,  and  water  quality,  as 


described  in  Appendix  G.  Table  3-2  identifies  the 
amount  of  water  DFWP  requested.  On  some  gauged 
streams  (Table  5-1)  DFWP  requested  more  than  half 
the  average  annual  flow,  which  is  the  maximum  al- 
lowed under  Section  85-5-331,  MCA 

DFWP  used  the  Wetted  Perimeter  Inflection  Point 
(WETP)  method  most  frequently.  This  method  deter- 
mines the  amount  of  water  needed  to  cover  riffle 
areas  in  specific  stream  reaches.  DFWP  assumed 
that  riffles  are  the  most  productive  areas  of  a  stream, 
where  propagation  and  growth  of  fish-food  organ- 
isms occur.  If  enough  flow  remains  In  a  stream  to 
keep  riffle  areas  wet,  then  most  of  the  food-producing 
areas  of  a  stream  would  be  maintained.  Generally 
the  amount  of  water  requested  on  streams  where  the 
WETTP  method  was  used  is  the  amount  required  to 
cover  riffles.  Reserving  this  amount  offlow  also  would 
protect  other  t3^es  of  stream  habitat,  such  as  pools 
and  bank  cover. 

The  WETP  method  provides  a  reasonable  esti- 
mate of  the  amount  of  stream  bottom  in  riffles  that 
remains  wet  at  specific  streamffows.  However,  on 
most  streams  where  DFWP  used  this  method,  it  has 
not  been  demonstrated  that  there  is  a  precise  rela- 
tionship between  wetted  perimeter  and  the  mainte- 
nance of  aquatic  habitat,  or  the  number  and  total 
weight  offish  a  stream  can  support.  In  its  applica- 
tion, DFWP  stated  that  two  flow  levels,  the  upper  and 
lower  inflection  points,  are  thought  to  bracket  flows 
needed  to  maintain  high  and  tow  levels  of  aquatic  habi- 
tat. "Inflection  points'  are  discussed  in  Appendix  G. 

The  Fixed  Percentage  Method  was  used  on  27 
streams.  Desirable  flow  amounts  Eire  assumed  to 
equal  a  fixed  percentage  of  the  estimated  flow.  While 
this  method  can  be  used  as  a  general  indicator  of 
flows  necessary  to  protect  aquatic  habitat,  the  as- 
sessment it  provides  is  less  sensitive  to  conditions  in 
Individual  streams  than  the  WETTP  method. 

DFWP  used  two  methods  for  determining  its  flow 
request  on  spring  creeks.  On  some  of  the  17  spring 
creeks  where  it  requested  reservations,  DFWP  re- 
quested year-round  allocations  of  the  lowest  average 
monthly  flows,  and  on  others  It  requested  the  aver- 
age annual  flows.  DFWP  considers  these  flows  ad- 
equate to  maintain  aquatic  habitat.  However,  little 
Information  was  included  In  DFWP's  application  to 
support  this  conclusion. 

On  three  streams,  DFWP  defined  a  relationship 
between  flow  rate  and  numbers  of  game  fish  and 
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used  this  information  to  request  instream  flows  suf- 
ficient to  support  a  thriving  fishery.  This  approach  is 
among  the  most  reliable  methods  for  determining 
instream  flow  needs  but  is  very  expensive  and  time 
consuming.  Factors  other  than  flow  rates  may  limit 
fish  populations  on  some  streams,  and  this  approach 
would  not  be  appropriate  in  those  Instances. 

On  the  Missouri  River  from  Fort  Benton  to  Fort 
Peck  Reservoir,  DFWP  requested  Instream  flows 
based  on  the  seasonal  requirements  of  resident  and 
migratory  fish  and  nesting  geese.  These  need  esti- 
mates were  developed  with  consideration  of  the 
amount  of  water  required  for  successful  migration  of 
paddlefish  and  rearing  of  yoiang  game  and  forage 
fish,  and  for  protection  of  goose  nesting  on  islands. 
This  method  of  quantifying  instream  flow  needs  is 
more  detailed  than  the  WETP  analysis. 

DFWP  also  requested  all  remaining  unappro- 
priated water  on  four  streams  to  protect  water  qual- 
ity and  fisheries  in  the  East  Gallatin  River.  DFWP 
suggested  that  urban  runoff  from  the  Bozeman 
area  pollutes  the  East  Gallatin  River,  and  that  high 
flows  in  tributaries  would  help  dilute  the  incoming 
pollution. 

Requests  by  DFWP  included  all  unappropriated 
water  on  three  tributaries  of  the  Madison  River  below 
Hebgen  Dam  to  ensure  adequate  flow  in  the  Madison 
River  when  water  is  not  being  released  from  the  dam. 

DFWP  requested  reservations  for  Bean  Lake  and 
Antelope  Butte  Swamp.  The  amoimt  requested  for 
the  lake  was  equal  to  the  amount  necessary  to  re- 
place the  water  that  the  lake  loses  to  evaporation  and 
seepage,  and  the  volume  of  the  lake  Itself.  The 
amoimt  requested  for  Antelope  Butte  Swamp  was 
the  amount  necessary  to  replace  the  water  that 
evaporates  from  the  swamp  each  year. 

montana  department  of  health  and 
Environmental  Sciences 

DHES  has  requested  half  the  average  aimual 
flow  of  the  Missouri  River  at  four  points  as  summa- 
rized In  Table  3-3.  Because  any  new  consumptive 
water  uses  could  increase  arsenic  concentrations  In 
the  Missouri  River,  DHES  Indicated  that  all  remain- 
ing unappropriated  water  is  required  to  protect  pub- 
lic health  in  the  basin.  However,  Section  85-5-331, 
MCA  limits  Instream  reservations  to  half  the  average 
annual  flow  of  gauged  streams,  so  DHES  is  request- 
ing only  this  amount. 


Municipalities 

Each  municipality  has  different  water  require- 
ments. In  general,  the  municipalities  based  their 
reservation  requests  on  the  amount  of  water  that 
their  respective  service  area  populations  wUl  need  by 
the  year  2025.  Future  needs  where  generally  calcu- 
lated by  multiplying  the  city's  predicted  2025  service 
area  population  by  the  expected  water  consumption 
rate  per  person  for  that  area.  This  was  then  com- 
pared to  the  city's  existing  water  supply  and  water 
rights  to  determine  how  much  water  to  request.  Prac- 
tical considerations  regarding  each  city's  water  sup- 
ply and  distribution  systems  also  were  taken  into 
account  In  determining  amount.  In  some  instances, 
municipalities  are  requesting  reservations  for  new 
water  supplies  due  to  problems  with  present  sources 
such  as  poor  water  quality.  Three  municipalities 
requested  water  for  Irrigating  parks.  The  amounts 
requested  by  the  municipalities  are  summarized  in 
Table  3-4. 

The  municipal  applications  were  prepared  by  two 
private  engineering  firms  with  DNRC  reviewing  their 
methods.  All  population  projections  were  based  on 
figures  from  the  1980  census.  Based  on  information 
from  the  1990  census,  11  of  the  18  projections  of 
population  growth,  and  the  associated  amounts  of 
water  requested,  may  be  too  high  (refer  to  Table  6-49) . 

U.S.  BUREAU  OF  LAND  MANAGEMENT 

The  amount  of  water  BLM  requested  is  summa- 
rized in  Table  3-5.  For  each  stream,  BLM  requested 
a  year-round  minimum  flow  for  protecting  habitat, 
and  a  bankfull  flow  for  at  least  a  brief  period  every 
other  year  for  charmel  maintenance.  BLM  used 
DFWP's  WETP  method  to  determine  flows  needed  for 
habitat  maintenance.  The  bankfull  dischaige  BLM 
requested  is  the  maximum  amount  of  water  a  stream 
can  carry  without  overflowing  its  banks.  Bankfull 
discharges  were  estimated  with  standard  USGS  pro- 
cedures involving  measurement  of  stream  channel 
characteristics  including  slope  and  area.  Typically, 
the  spring  runoff  flow  that  occurs  once  every  2  years 
on  average  is  similar  to  the  bankfull  discharge. 

U.S.  Bureau  of  Reclamation 

The  Milk  River  water  supply  model  developed  by 
DNRC  and  BUREC  (BUREC  imdated)  was  used  to 
estimate  water  shortages  and  their  fi-equency  in  the 
basin  and  to  determine  how  BUREC's  proposed 
Virgelle  diversion  project  could  be  used  to  address 
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these  problems.  Shortage  estimates  were  based  on 
the  number  of  acres  of  Irrigated  land  that  currently 
do  not  receive  a  full  water  supply  each  year.  Crop 
Irrigation  requirements  and  Irrigation  efficiencies 
were  used  to  establish  supplemental  water  require- 
ments for  these  lands.  However,  water  requested  for 
supplemental  irrigation  would  service  8,000  acres 
that  presently  do  not  meet  DNRC's  guidelines  for 
Irrigable  Icinds  due  to  problems  with  soils,  drainage, 
or  topographic  constraints. 

DNRC  and  BUREC  estimated  the  number  of  new 
irrigation  projects  that  would  use  reserved  water  on 
Indian  reservations.  The  water  requested  for  the 
Lake  Bowdoln  National  Wildlife  Refuge  Is  the  amount 
necessary  to  reduce  salinity  which  has  decreased 
waterfowl  production  in  the  lake.  The  water  BUREC 
requested  for  stock  watering  Is  the  amount  neces- 
sary to  replace  water  that  BLM  would  store  In  small 
reservoirs  on  tributaries.  A  relatively  small  amount 
of  water  would  be  used  to  meet  the  needs  of  the  City 
of  Chinook. 

It  is  diflBcult  to  predict  whether  the  requested 
amount  is  reasonable  without  knowing  the  amount 
of  water  that  wUl  be  saved  through  implementation 
of  present  and  planned  conservation  measures  In 
the  Milk  River  basin.  The  Irrigation  districts  are 
increasing  the  efficiency  of  the  existing  canals  and 
on-farm  Irrigation  systems  and  this  will  reduce  the 
water  shortage.  It  is  also  difficult  to  predict  the 
amount  of  water  the  tribes  on  the  Fort  Belknap  and 
Roclty  Boy's  Indiein  reservations  win  need  until  their 
federal  reserved  water  rights  are  quantified. 

PUBLIC  INTEREST 

In  this  section  DNRC  presents  two  comparisons 
to  assist  the  Board  in  its  evaluation  of  the  reservation 
requests.  The  first  compares  the  relative  costs  and 
benefits  of  consumptive  use  and  instream  use  con- 
sidered under  the  three  alternatives  described  in 
Chapter  Five.  The  second  comparison  examines 
whether  the  benefits  exceed  the  costs  for  Individual 
water  reservations  based  on  the  value  of  an  acre-foot 
of  water  for  consumptive  use  or  instream  use  In  each 
subbasln. 

Benefits  and  Costs  Under  the 
Alternatives 

The  analysis  of  the  three  alternatives  focuses  on 
the  consequences  of  emphasizing  different  water  res- 
ervations. This  analysis,  based  on  results  in  Chapter 


Six,  Is  general  because  actual  costs  and  benefits 
cannot  be  known  until  after  the  Board  determines 
which  reservations  are  to  be  granted.  Also,  costs  and 
benefits  could  change  following  granting  of  the  reser- 
vations If  the  Board  subsequently  approves  changes 
to  the  conservation  districts'  management  plans,  or 
modifies  instream  flows,  or  If  DNRC  approves 
changes  In  existing  water  rights.  The  estimated  net 
present  values  for  benefits  and  costs  in  these  analy- 
ses are  based  on  a  4.6  percent  interest  rate  over  a  70- 
year  period  (see  Glossary  for  definitions). 


Benefits 


NEW  IRRIGATION 


DNRC  analyzed  the  economic  and  financial  fea- 
sibility of  the  Irrigation  proposals.  Information  used 
In  the  analysis  Included  recorded  crop  yields,  prices, 
and  production  costs.  DNRC  compared  returns  with 
costs  for  300  scenarios  of  various  prices,  costs,  and 
crop  yields  in  the  future.  All  but  one  of  the  proposed 
projects  would  grow  alfalfa  for  hay.  The  other  project 
would  grow  seed  potatoes.  DNRC's  analysis  is  de- 
scribed In  Tubbsetal.  (1989).  The  Irrigation  benefits 
shown  In  Table  7- 1  are  the  median  value  today  of  70 
years  of  returns  less  costs,  meaning  that  half  the  300 
scenarios  analyzed  have  higher  net  returns  and  half 
have  lower  net  returns. 

INSTREAM  USES 

None  of  the  reservations  included  under  the  three 
alternatives  would  Increase  the  value  of  Instream 
uses,  but  could  prevent  future  depletions  thereby 
maintaining  the  existing  level  of  instream  values. 
Under  existing  conditions,  the  total  value  of  recre- 
ation In  the  basin  Is  $144  million  per  year  (Duffield. 
etal.  1990).  Current  annual  hydropower  production 
in  the  Missouri  Basin  under  average  water  condi- 
tions Is  12,7 10  GWh  peryear.  Of  this  amount,  3,550 
GWh  per  year  is  produced  at  dams  in  Montana  and 
9, 160  GWh  per  year  is  produced  at  federal  dams  In 
North  and  South  Dakota. 

The  value  of  hydroelectric  power  production, 
based  on  replacement  costs  of  50  and  100  mills  per 
kWh,  Is  $180  to  $355  million  per  year  in  Montana 
and  $460  to  $920  million  per  year  in  the  Dakotas. 
The  power  from  Pick-Sloan  dams  Is'currently  sold  at 
cost-based  rates  that  are  around  10.5  mills  per  kWh. 
MPC  does  not  market  Its  hydropower  separately,  but 
the  cost  of  production  is  about  22.6  mlls/kWh  aver- 
aged over  all  MPC  hydroelectric  dams  (MPC  1990). 
Leaving  water  Instream  also  has  value  for  preserving 
water  quality,  but  this  value  has  not  been  quantified. 
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MUNICIPAL  USE  ^ 

Water  for  municipal  uses  Is  worth  at  least  what 
people  are  now  paying  for  it.  DNRC  used  Helena's 
rate  of  $2.47  per  thousand  gallons  as  a  estimate  of 
this  value.  The  annual  use  proposed  by  each  mu- 
nicipality and  the  associated  costs  are  shown  In  Table 
K-6  In  Appendix  K.  The  municipal  benefits  shown  in 
Table  7- 1  are  the  value  today  of  70  years  of  the 
proposed  municipal  use  valued  at  $2.47  per  thou- 
sand gallons,  less  the  costs  shown  in  Table  K-6. 
Benefits  are  $343.2  million  and  are  the  same  under 
the  three  alternatives. 

Costs 

reduced  recreation 

All  three  alternatives  would  result  in  lower 
streamflows.  Lower  flows  would  reduce  future  water- 
based  recreation  below  the  levels  that  would  occur 
with  present  flows  levels.  The  estimated  annual 
value  of  lost  recreation  due  to  lower  flows  under  each 
alternative  is  shown  In  Table  6-42.  Table  7- 1  shows 
the  cost  today  of  70  years  of  lost  recreation.  Costs  for 
lost  recreation  are  highest  under  the  Consumptive 
Use  Alternative  ($70.3  million)  and  lowest  under  the 
Instream  Alternative  ($6.7  million). 

REDUCED  HYDROPOWER  PRODUCTION 

Streamflow  would  be  reduced  under  all  three 
alternatives.  Lower  flows  would  reduce  power  pro- 
duction at  dams  In  the  Missouri  River  basin.  Annual 
losses  of  hydropower  production  under  each  alter- 
native are  shown  In  Table  6-43.  Table  7- 1  shows 
what  It  would  cost  today  to  replace  70  years  of  lost 
generation  under  the  three  alternatives.  These  val- 
ues range  from  $2 13.4  million  under  the  Consump- 
tive Use  Alternative  to  $27.6  million  under  the  In- 
stream Alternative.  As  explained  on  page  144.  the 
cost  of  replacement  power  is  likely  to  rise  over  time. 
The  values  in  Table  7-1  are  therefore  conservative. 

REPLACING  MUNICIPAL  AND  IRRIGATION  POWER  USE 

DNRC's  economic  analysis  used  the  current  elec- 
tric power  rates  in  calculating  costs  of  proposed  irri- 
gation and  municipal  projects.  As  explained  in  Chap- 
ter Six.  the  cost  of  supplying  this  additional  power 
would  be  higher  than  current  rates.  The  annual 
difference  between  the  cost  of  additional  power  for 
the  proposed  projects  and  what  applicants  would 
pay  for  the  power  is  shown  in  Table  6-43.  Table  7- 
1  shows  the  cost  of  the  subsidy  that  the  ratepayer 
would  pay  over  70  years.  It  would  range  from  $40.9 
million  under  the  Consumptive  Use  Alternative  to 


$9. 1  million  under  the  Instream  Alternative.  Since 
power  costs  are  likely  to  rise  over  time,  the  values  in 
Table  7-1  are  conservative. 

LOWER  WATER  QUALITY 

Arsenic  concentrations  In  the  Madison,  Gallatin, 
Milk,  and  Missouri  rivers  would  Increase  under  each 
of  the  three  alternatives  analyzed.  The  increase  would 


Table  7-1 .  Economic  gains  and  iosses  under  the  three 
aiternatives  ($  million)' 


Usa^bbasin 

Consumptive  Use 

Instream 

Combination 

Irrigation 

Headwaters 

76.9 

0.0 

55.3 

Upper  Missouri 

9.1 

7.5 

20.2 

Marias/Teton 

22.7 

23.5 

24.3 

Middle  Missouri 

25.4 

7.7 

12.0 

Total 

134.1 

38.7 

111.9 

Municipal 

Headwaters 

73.0 

73.0 

73.0 

Upper  Missouri 

243.7 

243.7 

243.7 

Marias/Teton 

16.0 

16.0 

16.0 

Middle  Missouri 

10.6 

10.6 

10.6 

Total 

343.2 

343.2 

343.2 

Recreation 

Headwaters 

-32.4 

0.0 

-15.8 

Upper  Missouri 

-14.1 

-4.3 

-11.0 

Marias/Teton 

-4.4 

-0.4 

-1.1 

Middle  Missouri 

-19.4 

-2.1 

-7.9 

Total 

-70.3 

-6.7 

-35.7 

Hydropower  Production 

Headwaters 

0.0 

0.0 

0.0 

Upper  Missouri 

-58.6 

-13.3 

-26.5 

Marias/Teton 

0.0 

0.0 

0.0 

Middle  Missouri 

-32.1 

-1.1 

-12.2 

Downstream 

-122.7 

-13.3 

-48.6 

Total 

-213.4 

-27.6 

-87.3 

Replacement  Power 

Headwaters 

-6.7 

-0.1 

-1.2 

Upper  Missouri 

-7.4 

-2.7 

-2.7 

Marias/Teton 

-8.1 

0.0 

-1.6 

Middle  Missouri 

-18.7 

-6.3 

-12.6 

Total 


TOTAL 


-40.9 


152.7 


9.1 


338.5 


-18.0 


314.1 


*  Positive  numljers  represent  benefits  and  negative  numbers  represent 
costs.  All  figures  are  the  value  today  of  70  years  of  future  impacts. 
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be  highest  vinder  the  Consumptive  Use  Alternative 
and  lowest  under  the  Instream  Alternative.  While 
arsenic  concentrations  are  expected  to  Increase  as  a 
result  of  consumptive  uses,  DNRC  was  unable  to 
quantify  the  Increases  In  arsenic  concentrations,  or 
the  resulting  increased  health  risks.  Health  effects 
are  discussed  In  Chapter  Six. 

LOST  DEVELOPMENT  OPPORTUNITIES 

Any  of  the  proposed  reservations  could  Impose 
costs  If  they  preclude  other  water  uses.  These  future 
uses  are  not  known  and  therefore  these  costs  cannot 
be  quantified. 

ESccept  for  the  streams  Identified  In  Appendix  A 
where  water  use  permits  have  been  issued  since 
1985  for  consumptive  uses,  no  other  new  uses  have 
been  identified  on  these  streams.  DNRC  did  not 
examine  the  effects  the  reservation  applications 
would  have  on  water  use  permits  issued  since  1985. 
This  analysis  would  be  conducted  if  the  Board  con- 
siders subordinating  reservation  applications  to  the 
post- 1985  permits. 


Table  7-2.  Benefits  and  costs  of  reservations  for 
municipal  use  and  irrigation  ($  million)' 


i 

Mtematives 

Consumptive  Use 

Instream 

Combination 

Irrigation 

benefits 

134.1 

38.7 

111.9 

costs 

-322.7 

-41.5 

-139.1 

net 

-188.6 

-2.8 

-27.2 

Municipal 

benefits 

343.2 

343.2 

343.2 

costs 

-1.9 

-1.9 

-1.9 

net 

341.3 

341.3 

341.3 

Positive  numt)ers  represent  benefits  and  negative  numt>ers 
represent  costs. 


than  airy  of  the  other  benefits.  Only  $1.9  million  of 
the  costs  result  from  the  small  amounts  of  water  to 
be  consumed  through  municipal  water  use. 


COMPARISON  OF  BENEFITS  AND  COSTS 
FOR  DNRC'S  ALTERNATIVES 

Table  7-1  shows  the  costs  and  benefits  associ- 
ated with  the  three  alternatives.  All  three  alterna- 
tives have  Increased  consumptive  use  for  irrigation 
and  cities  and  towns.  All  three  alternatives  wotild 
result  in  lower  streamfiows  for  recreation  and  power 
production,  and  require  replacing  power  used  by 
Irrigation  and  municipal  water  systems.  The  net 
benefits  are  highest  in  the  Instream  Alternative  and 
lowest  in  the  Consumptive  Use  Alternative. 

Table  7-2  shows  the  benefits  and  costs  that  would 
result  from  reservation  of  water  for  municipal  and 
irrigation  purposes  Included  under  each  alternative. 
The  costs  imposed  by  Increased  irrigation  exceed  the 
benefits  by  $188.6  million  under  the  Consiomptive 
Use  Alternative,  by  $2.8  million  under  the  Instream 
Alternative,  and  by  $27.2  million  under  the  Combi- 
nation Alternative. 

The  high  costs  are  due  to  the  large  amounts  of 
water  consumed.  Large  benefits  are  attributable  to 
the  municipal  reservation  because  of  the  value  of 
water  for  such  use  and  the  small  effect  that  the 
withdrawals  would  have  on  other  downstream  uses. 
Including  hydropower  production.  The  benefits  of 
municipal  water  use  are  $343.2  million  under  each 
of  the  three  alternatives.  This  is  significantly  larger 


BENEFITS  AND  COSTS  OF  GRANTING 
RESERVATIONS  FOR  INDIVIDUAL  PROJECTS 

The  Board  may  grant  a  reservation  for  future 
consumptive  uses,  or  to  protect  existing  instream 
uses.  A  reservation  for  future  consumptive  use  has 
benefits  because  it  guarantees  that  water  will  be 
available  for  development  of  the  proposed  use.  A 
reservation  for  instregim  uses  has  benefits  because  it 
provides  legal  protection  for  continued  instream 
water  use.  In  both  cases,  granting  a  reservation 
Imposes  costs  because  It  may  preclude  other  uses  of 
the  reserved  water.  The  benefits  of  granting  a  reser- 
vation exceed  the  costs  if  the  value  of  the  water  in  its 
proposed  use  is  greater  than  its  value  in  uses  that 
would  be  precluded  by  the  reservation. 

Two  cases  are  considered  in  this  comparison. 
First.  Is  the  case  when  proposed  resen^ations  do  not 
conflict  with  other  identified  future  uses.  The  second 
Is  the  case  where  proposed  reservations  do  conflict 
with  other  identified  future  uses.  Including  other 
reservation  requests.  All  of  the  requests  with  no 
known  conflicts  are  instream  requests.  These  re- 
quests are  all  upstream  of  reaches  where  consump- 
tive uses  are  proposed.  There  also  are  cases  of  two 
instream  applications  on  the  same  stream,  but  they 
would  not  conflict  with  each  other  because  the  same 
water  can  be  used  to  partially  or  completely  satisfy 
both  requests. 
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All  of  the  consumptive  requests  have  at  least 
potential  conflicts.  Many  sfreams  have  two  or  more 
consumptive  use  requests,  and  in  some  cases  there 
is  not  enough  water  to  satisfy  all  the  proposed  reser- 
vations. All  the  consumptive  requests  conflict  with 
instream  requests,  either  on  the  stream  reach  where 
water  Is  being  requested  or  downstream.  Consump- 
tive use  requests  on  a  tributary  also  can  conflict  with 
other  consumptive  use  requests  and  existing  hy- 
dropower  uses  downstream.  Instream  requests  can 
conflict  with  consumptive  use  requests  on  the  same 
stream  or  on  tributaries  upstream. 

Reservation  Requests 
WITH  NO  Known  conflicts 

There  are  273  instream  use  requests  on  streams 
or  stream  reaches  that  have  no  conflicts  with  pro- 
posed consumptive  use  reservation  requests.  Except 
for  the  drainages  identified  in  Appendix  A  where  water 
use  permits  have  been  issued  since  1985,  no  other 
new  water  uses  have  been  proposed  for  water  from 
these  streams.  The  value  of  water  for  instream  uses 
is  shovm  in  Tables  K-1  and  K-2  in  Appendix  K.  The 
reservation  requests  with  no  known  conflicts  are 
shown  in  Table  K-3  In  Appendix  K.  The  benefits  of 
granting  these  requests  would  exceed  the  costs  un- 
less other  new  water  uses  with  higher  values  are 
identified. 

Requests  with  identified  conflicts 

There  are  239  reservation  requests  on  stream 
segments  where  there  are  both  instream  and  con- 
sumptive use  requests.  Sixty-two  proposed  irrigation 
projects  have  a  value  per  acre-foot  of  water  that  ex- 
ceeds the  instream  values  and  157  proposed  irriga- 
tion projects  have  an  acre-foot  value  that  is  less  than 
the  instream  values.  The  value  of  an  acre-foot  of 
water  for  all  19  municipal  reservations  exceeds  the 
value  for  instream  flow  and  proposed  irrigation 
projects.  Instream  flow  values  are  greatest  in  the 
Headwaters  Subbasin  where  the  recreation  value  is 
the  highest  and  where  each  acre-foot  of  water  can  be 
used  to  generate  hydroelectricity  at  the  downstream 
hydropower  facilities.  The  instream  values  progres- 
sively decline  with  distance  downstream. 

On  each  stream  or  stream  reach,  the  proposed 
uses  that  would  give  the  greatest  net  benefits  are 
determined,  part,  by  the  amount  of  water  available. 


However,  water  availability  may  not  be  definitively 
known  before  the  Board  acts  on  the  reservation  re- 
quests. 

When  two  reservation  requests  can  not  both  be 
granted  because  they  conflict,  the  cost  of  granting 
one  request  is  the  value  of  the  foregone  benefits  of  the 
other.  The  net  benefits  will  be  greater  than  costs  for 
granting  the  request  with  the  hlghervalued  water  use 
and  less  than  costs  for  granting  the  other  request.  On 
streams  with  three  or  more  requests,  the  net  benefits 
will  be  greatest  from  granting  as  many  requests,  start- 
ing with  the  highest  valued,  as  there  are  water  for. 

Table  K-4  in  Appendix  K  shows  consumptive  use 
requests  that  conflict  with  other  requests,  the  value 
of  water  for  the  proposed  use,  and  the  value  of  water 
for  conflicting  instream  uses.  Table  K-5  in  Appendix 
K  shows  instream  requests  that  conflict  with  other 
consumptive  use  requests  and  the  value  of  vrater  in 
the  instream  reach. 

REASONABLE  ALTERNATIVES 
WITH  GREATER  NET  BENEFITS 

The  alternatives  presented  in  this  draft  EIS  are 
only  three  of  many  ways  the  Board  could  allocate 
water  among  the  reservation  applicants.  Some  other 
combination  of  reservations  probably  would  have 
greater  net  benefits  than  any  of  the  three  alternatives 
examined  by  DNRC. 

DNRC  Identified  some  cases  where  a  modified 
request  would  have  greater  net  benefits.  The  net  ben- 
efits of  the  Bureau  of  Reclamation's  request  for  diver- 
sion at  Virgelle  would  be  increased  by  dropping  the 
approximatefy  1,000  acres  of  land  that  are  not  suit- 
able for  irrigated  alfalfa  production.  Other  irrigation 
projects  with  serious  land  use  problems,  listed  in 
Chapter  Six,  could  have  greaternet  benefits  if  modified. 

In  some  cases,  it  may  be  cheaper  to  reduce  mu- 
nicipal water  use  than  to  increase  municipal  water 
supplies.  This  could  be  accomplished  through  two 
main  strategies:  conservation  measures,  including 
repairs  to  existing  water  supply  and  distribution  sys- 
tems, and  metering  of  municipal  water  use.  Table  K- 
7  in  Appendix  K  lists  characteristics  of  municipal 
water  systems  where  improvements  might  be  cost- 
effective. 
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APPENDIX  A 

SUMMARY  OF  WATER  RIGHTS  CLAIMS, 

PERMITS,  AND  PERMIT  APPLICATIONS 

IN  THE  MISSOURI  BASIN 
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Table  A-1 .  Headwaters  subbasin  existing  claims 
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LAND 

DRAINAGE 

PURPOSE 

NUMBER 

TOTAL  RATE 

VOLUME 

USED  ON 

(cfs) 

(at) 

(acres) 

GALLATIN 

MUNICIPAL  AND  DOMESTIC 

184 

62.7 

20.733.3 

3,361.3 

IRRIGATION 

1.806 

5.431.5 

1.412.447.3 

751,474.0 

STOCK 

1.281 

27.8 

0.0 

20.0 

FISH  AND  WILDLIFE 

126 

7.756.6 

978.678.1 

0.0 

POWER  GENERATION 

38 

557.1 

386,474.0 

0.0 

OTHER 

22 

28.9 

9,549.4 

0.0 

DRAINAGE  TOTALS 

3,457 

13,864.6 

2,807,882.1 

754,855.3 

MADISON 

MUNICIPAL  AND  DOMESTIC 

37 

9.8 

5,927.6 

43.7 

IRRIGATION 

858 

4.047.1 

738,940.2 

264.431.3 

STOCK 

661 

0.3 

1.9 

0.0 

FISH  AND  WILDLIFE 

60 

10,306.5 

1,960.109.5 

0.0 

POWER  GENERATION 

9 

108,032.0 

1,150,344.9 

0.0 

OTHER 

44 

172.3 

48,741.4 

370.0 

DRAINAGE  TOTALS 

1.669 

122,568.0 

3.904.065.5 

264,845.0 

JEFFERSON 

MUNICIPAL  AND  DOMESTIC 

56 

115.7 

8,069.1 

209.4 

IRRIGATION 

1.200 

4,428.9 

572.036.9 

385,710.5 

STOCK 

715 

10.3 

11.771.4 

0.0 

FISH  AND  WILDLIFE 

27 

54.5 

8,487.0 

0.0 

POWER  GENERATION 

15 

518.2 

370,679.6 

0.0 

OTHER 

164 

1,116.0 

212,122.7 

0.0 

DRAINAGE  TOTALS 

2,177 

6,243.6 

1,183.166.7 

385,945.3 

BIG  HOLE 

MUNICIPAL  AND  DOMESTIC 

31 

42.1 

20,902.3 

353.0 

IRRIGATION 

1.563 

20.856.5 

3.414,195.5 

850.879.1 

STOCK 

779 

2.715.8 

126,675.7 

0.0 

FISH  AND  WILDLIFE 

4 

86.2 

15,091.5 

0.0 

POWER  GENERATION 

3 

1,252.5 

912,800.0 

0.0 

OTHER 

79 

1,252.3 

334,391.0 

0.0 

DRAINAGE  TOTALS 

2.459 

26,205.4 

4.824,056.0 

851.232.1 

RUBY 

MUNICIPAL  AND  DOMESTIC 

27 

2.0 

596.4 

48.2 

IRRIGATION 

903 

2.132.5 

295,042.5 

519.113.9 

STOCK 

475 

1.2 

20.2 

0.0 

• 

FISH  AND  WILDLIFE 

21 

1.981.0 

1,516,630.0 

0.0 

POWER  GENERATION 

5 

32.3 

22.209.5 

0.0 

OTHER 

165 

2.483.3 

762.829.5 

0.0 

DRAINAGE  TOTALS 

1.596 

6,632.3 

2.597,328.1 

519.162.1 

BEAVERHEAD/ 

MUNICIPAL  AND  DOMESTIC 

47 

2,839.1 

8.628.0 

57.9 

RED  ROCK 

IRRIGATION 

1,817 

12,004.2 

2,961,533.3 

1,295,953.0 

STOCK 

1.067 

1,170.2 

131,239.0 

0.0 

FISH  AND  WILDLIFE 

128 

6,533.1 

825,318.7 

0.0 

POWER  GENERATION 

5 

2,835.3 

140,028.6 

0.0 

OTHER 

48 

3,155.4 

157,423.3 

0.0 

DRAINAGE  TOTALS 

3,112 

28,537.3 

4,224,170.9 

1,296,010.9 

SUBBASIN 

MUNICIPAL  AND  DOMESTIC 

382 

3.071.4 

64,856.7 

4,073.5 

TOTALS 

IRRIGATION 

8,147 

48,900.7 

9,394,195.6 

4,067,561.8 

STOCK 

4.978 

3,925.5 

269,708.2 

20.0 

FISH  AND  WILDLIFE 

366 

26,718.0 

5,304,314.8 

0.0 

POWER  GENERATION 

75 

113,227.3 

2,982,536.6 

25.4 

OTHER 

522 

8,208.1 

1,525,057.3 

370.0 

GRAND  TOTALS 

14,470 

204,051.0 

19,540,669.2 

4,072,050.7 
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Table  A-2.  Headwaters  subbasin  permits  1973  through  June  30, 1985 


DRAINAGE 

PURPOSE 

NUMBER 

TOTAL  RATE 

VOLUME 

USED  ON 

(cfs) 

(af) 

(acres) 

GALLATIN 

MUNICIPAL  AND  DOMESTIC 

4 

3.3 

1,333.5 

5.3 

IRRIGATION 

20 

16.1 

3,432.9 

875.6 

STOCK 

4 

0.1 

1.5 

4.0 

FISH  AND  WILDLIFE 

9 

10.023.1 

8.051.2 

0.8 

POWER  GENERATION 

3 

16.6 

9,738.9 

0.0 

OTHER 

3 

0.2 

1.7 

0.8 

DRAINAGE  TOTALS 

43 

10,059.4 

22,559.7 

912.5 

MADISON 

MUNICIPAL  AND  DOMESTIC 

1 

0.2 

20.0 

0.0 

IRRIGATION 

16 

A^2 

3.196.6 

1,331.1 

STOCK 

3 

0.1 

8.8 

0.0 

FISH  AND  WILDLIFE 

8 

8.9 

2,060.4 

0.0 

POWER  GENERATION 

1 

1.5 

5.6 

0.0 

OTHER 

8 

0.9 

203.9 

3.3 

DRAINAGE  TOTALS 

37 

52.8 

5,495.3 

1,334.4 

JEFFERSON 

MUNICIPAL  AND  DOMESTIC 

1 

0.1 

1.5 

0.0 

IRRIGATION 

20 

25.9 

2,880.6 

1,388.4 

STOCK 

2 

0.1 

2.9 

0.0 

FISH  AND  WILDLIFE 

1 

34.5 

2.1 

0.0 

POWER  GENERATION 

5 

126.4 

33.680.8 

0.0 

OTHER 

7 

2.9 

803.8 

1.0 

DRAINAGE  TOTALS 

36 

189.9 

37.371.7 

1,389.4 

BIG  HOLE 

IRRIGATION 

9 

15.3 

1.225.9 

479.0 

STOCK 

4 

0.1 

63.8 

0.0 

OTHER 

4 

3.5 

608.8 

3.0 

DRAINAGE  TOTALS 

17 

18.9 

1.898.5 

482.0 

RUBY 

IRRIGATION 

3 

11.1 

1.081.5 

464.0 

STOCK 

2 

0.1 

6.6 

0.0 

FISH  AND  WILDLIFE 

2 

2.2 

1.652.7 

0.0 

OTHER 

3 

14.2 

10.164.9 

1.8 

DRAINAGE  TOTALS 

10 

27.6 

12.905.7 

465.8 

BEAVERHEAD/ 

IRRIGATION 

2 

2.5 

498.3 

166.0 

RED  ROCK 

STOCK 

6 

0.1          ^ 

18.4 

0.0 

FISH  AND  WILDLIFE 

2 

1.6          (^ 

542.0 

0.0 

POWER  GENERATION 

2 

562.5 

324.075.0 

0.0 

OTHER 

2 

1.2 

132.0 

0.0 

DRAINAGE  TOTALS 

14 

567.9 

325.265.7 

166.0 

SUBBASIN 

MUNICIPAL  AND  DOMESTIC 

6 

3.5 

1,355.0 

5.3 

TOTALS 

IRRIGATION 

70 

112.0 

12.315.8 

4.704.1 

STOCK 

21 

0.2 

102.1 

4.0 

FISH  AND  WILDLIFE 

22 

10.070.3 

12,308.3 

0.8 

POWER  GENERATION 

11 

707.1 

367,500.3 

26.0 

OTHER 

27 

23.0 

11,915.1 

9.8 

GRAND  TOTALS 

157 

10.916.1 

405,496.6 

4.750.0 

Table  A-3.  Headwaters  subbasin  permits  and  applications  post  June  30, 1985 


A-5 
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LAND 

DRAINAGE 

PURPOSE 

NUMBER 

TOTAL  RATE 

VOLUME 

USED  ON 

(cfs) 

(af) 

(acres) 

GALLATIN 

MUNICIPAL  AND  DOMESTIC 

1 

0.1 

20.0 

0.0 

IRRIGATION 

■'/■:.     9 

15.4 

2,047.4 

952.5 

STOCK 

3 

0.0 

7.7 

0.1 

FISH  AND  WILDLIFE 

19 

25.7 

15,210.4 

0.0 

OTHER 

4 

0.4 

168.9 

2.7 

DRAINAGE  TOTALS 

36 

41.6 

17,454.4 

955.3 

MADISON 

IRRIGATION 

3 

5.6 

602.4 

134.0 

STOCK 

1 

0.1 

0.2 

0.0 

FISH  AND  WILDLIFE 

5 

10.3 

7,002.4 

0.0 

OTHER 

2 

2.0 

852.9 

0.0 

DRAINAGE  TOTALS 

11 

18.0 

8,457.9 

134.0 

JEFFERSON 

IRRIGATION 

9 

7.8 

942.0 

416.1 

OTHER 

4 

2.0 

128.3 

0.0 

DRAINAGE  TOTALS 

13 

9.8 

1.070.3 

416.1 

BIG  HOLE 

IRRIGATION 

1 

2.0 

90.0 

30.0 

STOCK 

3 

0.1 

12.8 

0.0 

POWER  GENERATION 

1 

111.4 

47,876.0 

0.0 

OTHER 

1 

0.0 

3.5 

1.0 

DRAINAGE  TOTALS 

8 

113.5 

47.982.3 

31.0 

RUBY 

IRRIGATION 

4 

13.4 

2.005.6 

1,170.0 

POWER  GENERATION 

1 

12.5 

4.667.0 

0.0 

OTHER 

2 

0.1 

18.0 

0.0 

DRAINAGE  TOTALS 

7 

26.0 

6,690.6 

1.170.0 

BEAVERHEAD/ 

IRRIGATION 

1 

0.6 

105.0 

50.0 

RED  ROCK 

FISH  AND  WILDLIFE 

3 

1.3 

13,631.9 

0.0 

OTHER 

3 

1.2 

93.0 

2.0 

DRAINAGE  TOTALS 

7 

3.1 

13,829.9 

52.0 

SUBBASIN 

MUNICIPAL  AND  DOMESTIC 

1 

0.1 

20.0 

0.0 

TOTALS 

IRRIGATION 

27 

44.7 

5,792.3 

2.752.6 

STOCK 

7 

0.3 

20.6 

0.1 

FISH  AND  WILDLIFE 

27 

37.3 

35,844.7 

0.0 

POWER  GENERATION 

2 

123.9 

52,543.0 

0.0 

OTHER 

16 

5.7 

1,264.6 

5.7 

GRAND  TOTALS 

80 

212.0 

95,485.2 

2.758.4 
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Table  A-4.  Upper  Missouri  subbasin  existing  ciaims 


LAND 

DRAINAGE 

PURPOSE 

NUiUlBER 

TOTAL  RATE 

VOLUiUIE 

USED  ON 

(cfs) 

(at) 

(acres) 

MISSOURI 

MUNICIPAL  AND  DOMESTIC 

111 

29,752.5 

214,929.9 

104.6 

THREE  FORKS 

IRRIGATION 

1.273 

9.494.0 

996,859.0 

373,283.1 

TO 

STOCK 

1,034 

3.439.0 

25,163.2 

0.0 

HOLTER  DAM 

FISH  AND  WILDLIFE 

45 

105,052.8 

\    7,920.859.6 

0.0 

POWER  GENERATION 

17 

76,902.6 

15.780,306.0 

0.0 

OTHER 

219 

158,709.0 

4.406,830.7 

5.0 

DRAINAGE  TOTALS 

2,699 

383,349.9 

29,344.948.4 

373.392.7 

MISSOURI 

MUNICIPAL  AND  DOMESTIC 

125 

195.6 

74,835.5 

169.5 

HOLTER  DAM 

IRRIGATION 

432 

5.111.4 

352,217.9 

63.411.2 

TO 

STOCK 

705 

2.825.3 

26.938.7 

0.0 

BELT  CREEK 

FISH  AND  WILDLIFE 

23 

13,065.7 

9,416.727.7 

0.0 

OTHER 

38 

10,179.5 

7,349,692.1 

3.1 

DRAINAGE  TOTALS 

1,323 

31 ,377.5 

17,220,411.9 

63,583.8 

DEARBORN 

MUNICIPAL  AND  DOMESTIC 

17 

0.5 

50.0 

27.3 

IRRIGATION 

125 

1,316.6 

138.614.4 

32.831.9 

STOCKWATER 

348 

0.1 

0.0 

0.0 

FISH  AND  WILDLIFE 

4 

0.0 

0.0 

0.0 

DRAINAGE  TOTALS 

494 

1.317.2 

138,664.4 

32.859.2 

SMITH 

MUNICIPAL  AND  DOMESTIC 

40 

37.1 

2.660.8 

41.0 

IRRIGATION 

622 

53.400.2 

636,467.7 

175.762.5 

STOCK 

668 

996.0 

41,658.7 

0.0 

FISH  AND  WILDLIFE 

39 

3.620.2 

1,118,620.8 

0.0 

OTHER 

28 

656.2 

27.253.4 

0.0 

DRAINAGE  TOTALS 

1,397 

58,709.7 

1,826,661.4 

175,803.5 

SUN 

MUNICIPAL  AND  DOMESTIC 

73 

6.3 

1,941.8 

17.9 

IRRIGATION 

564 

4,866.9 

1.274.024.8 

522,667.4 

STOCKWATER 

926 

0.0 

0.0 

0.0 

FISH  AND  WILDLIFE 

38 

50.0 

14.600.0 

0.0 

POWER  GENERATION 

2 

6.5 

3.673.8 

0.0 

OTHER 

9 

3.5 

213.6 

4.2 

DRAINAGE  TOTALS 

1.612 

4.933.2 

1.294.454.0 

522,689.5 

SUBBASIN 

MUNICIPAL  AND  DOMESTIC 

365 

29,987.1 

292.603.5 

360.4 

TOTALS 

IRRIGATION 

3,016 

74,189.0 

3,398.183.0 

1,167,956.1 

STOCK 

3,681 

7,260.4 

93.760.5 

0.0 

FISH  AND  WILDLIFE 

149 

121,788.7 

18.470,808.1 

0.0 

POWER  GENERATION 

19 

76,909.1 

15.783.979.8 

0.0 

OTHER 

295 

169.553.2 

1 1 .785,804.2 

12.3 

GRAND  TOTALS 

7.525 

479,687.5 

49.825.139.1 

1,168,328.8 

Table  A-5.  Upper  Missouri  subbasin  permits  1973  through  June  30, 1985 
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LAND 

DRAINAGE 

PURPOSE 

NUMBER 

TOTAL  RATE 

VOLUME 

USED  ON 

(cfs) 

(af) 

(acres) 

MISSOURI 

MUNICIPAL  AND  DOMESTIC 

5 

0.1 

7.0 

0.0 

THREE  FORKS 

IRRIGATION 

32 

34.6 

3.059.9 

2,446.6 

TO 

STOCK 

5 

0.4 

2.3 

0.0 

HOLTER  DAM 

FISH  AND  WILDLIFE 

1 

0.0 

7.5 

0.0 

POWER  GENERATION 

1 

7,200.0 

5.212,206.8 

0.0 

OTHER 

28 

11.3 

2,852.2 

2.5 

DRAINAGE  TOTALS 

72 

7,246.4 

5,218,135.7 

2,449.1 

MISSOURI 

MUNICIPAL  AND  DOMESTIC 

23 

1.7 

62.6 

2.0 

HOLTER  DAM 

IRRIGATION 

88 

78.5 

15,317.8 

5,466.3 

TO 

STOCK 

6 

0.0 

42.1 

0.0 

BELT  CREEK 

OTHER 

34 

3.4 

265.4 

26.3 

DRAINAGE  TOTALS 

151 

83.6 

15,687.9 

5,494.6 

DEARBORN 

MUNICIPAL  AND  DOMESTIC 

3 

0.1 

6.6 

1.0 

IRRIGATION 

7 

2.9 

378.2 

177.5 

STOCK 

2 

0.0 

19.8 

0.0 

FISH  AND  WILDLIFE 

4 

0.0 

1.8 

0.0 

OTHER 

2 

0.1 

S.6 

3.0 

- 

DRAINAGE  TOTALS 

18 

3.1 

412.0 

181.5 

SMITH 

IRRIGATION 

36 

270.7 

33,977.6 

21,176.8 

STOCK 

26 

0.0 

30.0 

0.0 

FISH  AND  WILDLIFE 

3 

1.2 

237.0 

40.0 

OTHER 

13 

7.1 

962.7 

0.0 

DRAINAGE  TOTALS 

78 

279.0 

35,207.3 

21,216.8 

SUN 

MUNICIPAL  AND  DOMESTIC 

1 

0.0 

4.5 

0.0 

IRRIGATION 

73 

79.5 

6,376.1 

2,864.8 

STOCK 

6 

0.3 

61.7 

23.1 

FISH  AND  WILDLIFE 

4 

2.3 

1,616.5 

0.0 

POWER  GENERATION 

1 

1,440.0 

1,042,264.8 

0.0 

OTHER 

13 

3.8 

152.8 

16.6 

DRAINAGE  TOTALS 

98 

1,525.9 

1,050.476.4 

2,904.5 

SUBBASIN 

MUNICIPAL  AND  DOMESTIC 

32 

2.0 

80.7 

3.0 

TOTALS 

IRRIGATION 

236 

466.2 

59,109.7 

32,131.9 

STOCK 

45 

0.7 

155.8 

23.1 

FISH  AND  WILDLIFE 

12 

3.5 

1,862.8 

40.0 

POWER  GENERATION 

2 

8,640.0 

6,254,471.7 

0.0 

OTHER 

90 

25.8 

4,238.7 

48.4 

GRAND  TOTALS 

417 

9,138.2 

6,319.919.4 

32,246.4 
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Table  A-6.  Upper  Missouri  subbasin  permits  and  applications  post  June  30, 1985 


DRAINAGE 

PURPOSE 

NUMBER 

TOTAL  RATE 

VOLUME 

USED  ON 

(cfs) 

(at) 

(acres) 

MISSOURI 

MUNICIPAL  AND  DOMESTIC 

1 

0.0 

1.0 

0.0 

THREE  FORKS 

FISH  AND  WILDLIFE 

6 

8.1 

3.242.6 

0.0 

TO 

OTHER 

13 

10.2 

3.331.7 

1.3 

HOLTER  DAM 

DRAINAGE  TOTALS 

20 

18.3 

6.575.3 

1.3 

MISSOURI 

MUNICIPAL  AND  DOMESTIC 

1 

0.2 

1.9 

0.2 

HOLTER  DAM 

IRRIGATION 

5 

1.5 

117.6 

49.1 

TO 

STOCK 

3 

0.0 

Z2 

0.0 

BELT 

OTHER 

5 

0.3 

30.4 

6.7 

CREEK 

DRAINAGE  TOTALS 

14 

2.0 

152.1 

56.0 

SMITH 

IRRIGATION 

1 

5.0 

150.0 

82.4 

STOCK 

10 

0.0 

9.2 

0.0 

OTHER 

4 

0.2 

16.5 

0.0 

DRAINAGE  TOTALS 

15 

5.2 

175.7 

82.4 

SUN 

IRRIGATION 

6 

10.7 

798.6 

243.1 

STOCK 

1 

0.0 

1.8 

0.0 

FISH  AND  WILDLIFE 

2 

0.5 

338.7 

0.0 

DRAINAGE  TOTALS 

9 

11.2 

1,139.1 

243.1 

SUBASIN 

MUNICIPAL  AND  DOMESTIC 

2 

0.2 

2.9 

0.2 

TOTALS 

IRRIGATION 

12 

17.3 

1.066.2 

374.6 

STOCK 

14 

0.0 

13.2 

0.0 

FISH  AND  WILDLIFE 

8 

8.5 

3.581.3 

0.0 

OTHER 

22 

10.7 

3,378.6 

8.0 

GRAND  TOTALS 

58 

36.7 

8,042.2 

382.8 

Table  A-7.  Marias/Teton  subbasin  existing  ciaims 
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■* 

LAND 

DRAINAGE 

PURPOSE 

NUMBER 

TOTAL  RATE 

VOLUME 

USED  ON 

(cfs) 

(at) 

(acres) 

MARIAS 

MUNICIPAL  AND  DOMESTIC 

163 

917.9 

17,420.8 

452.5 

IRRIGATION 

1.172 

72.587.3 

4.034,654.4 

1,182,601.8 

STOCK 

3.515 

38.618.4 

63,374.0 

0.0 

FISH  AND  WILDLIFE 

69 

545.2 

2.545,263.9 

0.0 

OTHER 

54 

1.356.1 

1.272.335.7 

0.0 

DRAINAGE  TOTALS 

4,973 

114.024.9 

7.933,048.8 

1,183,054.3 

TETON 

MUNICIPAL  AND  DOMESTIC 

42 

865.6 

1,699.2 

72.5 

IRRIGATION 

519 

20,042.5 

1,110.466.6 

300,173.2 

STOCK 

814 

54,432.1 

151.064.1 

0.0 

FISH  AND  WILDLIFE 

22 

313.9 

111,897.0 

0.0 

OTHER 

8 

248.7 

164,525.4 

0.0 

DRAINAGE  TOTALS 

1.405 

75.902.8 

1.539.652.3 

300,245.7 

SUBBASIN 

MUNICIPAL  AND  DOMESTIC 

205 

1,783.5 

19.120.1 

524.9 

TOTALS 

IRRIGATION 

1.691 

92,629.8 

5,145,121.1 

1.482,775.1 

STOCK 

4,329 

93,050.6 

214,438.1 

0.0 

FISH  AND  WILDLIFE 

91 

859.1 

2,657,160.9 

0.0 

OTHER 

62 

1604.8 

1,436,861.1 

0.1 

GRAND  TOTALS 

6.378 

189,927.8 

9.472.701 .3 

1,483,300.1 
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Table  A-8.  Marias/Teton  subbasin  permits  1973  through  June  30, 1985 


DRAINAGE 

PURPOSE 

NUMBER 

TOTAL  RATE 

VOLUME 

USED  ON 

(cfs) 

(af) 

(acres) 

MARIAS 

MUNICIPAL  AND  DOMESTIC 

9 

3.6 

1.151.5 

0.0 

IRRIGATION 

73 

225.5 

22,349.8 

1 1 .625.8 

STOCK 

91 

2.5 

489.8 

0.0 

FISH  AND  WILDLIFE 

14 

0.1 

220.1 

0.0 

POWER  GENERATION 

1 

900.0 

636,000.0 

0.0 

OTHER 

7 

3.9 

681.8 

21.0 

DRAINAGE  TOTALS 

195 

1135.6 

660.893.0 

11.646.8 

TETON 

MUNICIPAL  AND  DOMESTIC 

1 

0.0 

110.0 

0.0 

IRRIGATION 

17 

37.8 

4.085.3 

2.231.0 

STOCK 

7 

2.0 

126.8 

0.0 

FISH  AND  WILDLIFE 

1 

0.0 

1.3 

0.0 

OTHER 

1 

0.7 

15.0 

0.0 

DRAINAGE  TOTALS 

27 

40.5 

4,338.4 

2.231.0 

SUBBASIN 

MUNICIPAL  AND  DOMESTIC 

10 

3.6 

1.261.5 

0.0 

TOTALS 

IRRIGATION 

90 

263.3 

26.435.1 

13,856.8 

STOCK 

98 

4.5 

616.6 

0.0 

FISH  AND  WILDLIFE 

15 

0.2 

221.4 

0.0 

POWER  GENERATION 

1 

900.0 

636.000.0 

0.0 

OTHER 

8 

4.6 

696.8 

21.0 

GRAND  TOTALS 

222 

1,176.2 

665,231.4 

13,877.8 

Table  A-9.  Marias/Teton  subbasin  permits  and  applications  post  June  30, 1985 


DRAINAGE 

PURPOSE 

NUMBER 

TOTAL  RATE 

VOLUME 

USED  ON 

(cfs) 

(at) 

(acres) 

MARIAS 

MUNICIPAL  AND  DOMESTIC 

1 

0.1 

12.5 

0.0 

IRRIGATION 

5 

5.8 

926.0 

490.5 

STOCK 

5 

0.1           > 

52.8 

8.0 

FISH  AND  WILDLIFE 

1 

0.0          - 

49.0 

0.0 

OTHER 

1 

0.0 

67.7 

0.0 

DRAINAGE  TOTAL 

13 

6.0 

1,108.0 

498.5 

SUBBASIN 

GRAND  TOTALS 

13 

6.0 

1.108.0 

498.5 

TOTALS 

Table  A-10.  Middle  Missouri  subbasin  existing  claims 
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*  .- 

LAND 

DRAINAGE 

PURPOSE 

NUMBER 

TOTAL  RATE 

VOLUME 

USED  ON 

(cfs) 

(af) 

(acres) 

MISSOURI 

MUNICIPAL  AND  DOMESTIC 

31 

59.6 

322.1 

51.6 

BELT  CREEK 

IRRIGATION 

733 

29,304.6 

570,804.5 

148,509.8 

TO 

STOCK 

2,458 

24,869.2 

49,553.8 

0.0 

FORT  PECK 

FISH  AND  WILDLIFE 

230 

81.2 

3,563.6 

0.0 

POWER  GENERATION 

5 

0.0 

23.2 

0.0 

OTHER 

40 

120.1 

14,711.2 

0.0 

DRAINAGE  TOTALS 

3,497 

54.434.7 

638,978.4 

148,561.4 

JUDITH 

MUNICIPAL  AND  DOMESTIC 

59 

14.7 

2,150.1 

76.9 

IRRIGATION 

998 

171.566.9 

399,977.5 

153.453.8 

STOCK 

1.991 

22.1 

48.2 

0.0 

FISH  AND  WILDLIFE 

44 

69.1 

49.995.0 

0.0 

POWER  GENERATION 

7 

254.1 

184.405.7 

0.0 

OTHER 

64 

172.1 

53.840.1 

0.5 

DRAINAGE  TOTALS 

3.163 

172.099.0 

690.416.6 

153.531.2 

MUSSELSHELL 

MUNICIPAL  AND  DOMESTIC 

39 

2.257.4 

107.920.2 

121.9 

IRRIGATION 

2,483 

18.774.7 

3,631.115.1 

1.394.048.8 

STOCK 

5,263 

1.624.4 

27,587.2 

0.0 

FISH  AND  WILDLIFE 

509 

318.5 

129,618.1 

0.0 

POWER  GENERATION 

6 

49,900.0 

101,560.0 

0.0 

OTHER 

54 

39.6 

27,299.6 

3.0 

DRAINAGE  TOTALS 

8,354 

72.914.6 

4.025,100.2 

1.394,173.7 

FORT  PECK 

MUNICIPAL  AND  DOMESTIC 

75 

6.7 

3.165.0 

65.8 

IRRIGATION 

792 

2.787.2 

288.160.5 

87,917.0 

STOCK 

4.476 

1.483.9 

22.358.0 

0.0 

FISH  AND  WILDLIFE 

957 

7.9 

5.891.7 

0.0 

POWER  GENERATION 

12 

20.000.0 

10.001.569.5 

0.0 

OTHER 

17 

32.2 

11.099.3 

0.0 

DRAINAGE  TOTALS 

6.329 

24,317.9 

10,332.244.0 

87,982.8 

SUBBASIN 

MUNICIPAL  AND  DOMESTIC 

204 

2,338.4 

113,557.4 

316.2 

TOTALS 

IRRIGATION 

5.006 

222,433.5 

4,890,057.7 

1,783.929.4 

STOCK 

14.188 

27,999.7 

99,547.3 

0.0 

FISH  AND  WILDLIFE 

1.740 

476.7 

189.068.4 

0.0 

POWER  GENERATION 

30 

70,154.1 

10,287,558.4 

0.0 

OTHER 

175 

364.1 

106,950.2 

3.5 

GRAND  TOTALS 

21 ,343 

323,766.5 

15,686,739.4 

1,784,249.1 
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Table  A-11.  Middle  Missouri  subbasin  permits  1973  through  June  30, 1985 


-ifiRT 


LAND 

DRAINAGE 

PURPOSE 

NUMBER 

TOTAL  RATE 

VOLUME 

USED  ON 

(CIS) 

(at) 

(acres) 

MISSOURI 

MUNICIPAL  AND  DOMESTIC 

2 

0,0 

9.5 

0.0 

BELT  CREEK 

IRRIGATION 

14 

44.7 

2,998.2 

1.399.6 

TO 

STOCK 

108 

15.9 

499.4 

0.0 

FORT  PECK 

FISH  AND  WILDLIFE 

17 

0.1 

172.4 

0.0 

OTHER 

3 

1.0 

150.2 

1.0 

DRAINAGE  TOTALS 

144 

61.7 

3,829.7 

1.400.6 

JUDITH 

"MUNICIPAL  AND  DOMESTIC 

1 

1.6 

250.0 

0.0 

IRRIGATION 

69 

828.3 

13,572.0 

7,373.5 

STOCK 

29 

2.7 

155.8 

0.2 

FISH  AND  WILDLIFE 

19 

23.6 

13,427.2 

439.0 

POWER  GENERATION 

3 

297.0 

144,647.0 

0.0 

OTHER 

14 

6.3 

2,831.1 

9.1 

DRAINAGE  TOTALS 

135 

1.159.5 

174.883.1 

7.821.8 

MUSSELSHELL 

MUNICIPAL  AND  DOMESTIC 

1 

14.9 

240.0 

120.0 

IRRIGATION 

126 

497.3 

23,778.0 

13,510.2 

STOCK 

158 

7.6 

1.824.2 

386.0 

FISH  AND  WILDLIFE 

41 

0.0 

644.2 

992.0 

OTHER 

5 

2.2 

312.5 

30.0 

DRAINAGE  TOTALS 

331 

522.0 

26,798.9 

15,038.2 

FORT  PECK 

MUNICIPAL  AND  DOMESTIC 

50 

1.7 

54.0 

0.0 

IRRIGATION 

86 

392.5 

21.827.1 

10,168.5 

STOCK 

259 

50.0 

1.685.4 

5.5 

FISH  AND  WILDLIFE 

53 

4.0 

860.8 

232.0 

OTHER 

16 

0.1 

68.6 

1.0 

DRAINAGE  TOTALS 

464 

448.3 

24.495.9 

10,407.0 

SUBBASIN 

MUNICIPAL  AND  DOMESTIC 

54 

18.2 

553.5 

120.0 

TOTALS 

IRRIGATION 

295 

1.762.9 

62,175.3 

32.451.8 

STOCK 

554 

76.2 

4,164.8 

391.8 

FISH  AND  WILDLIFE 

130 

27.7 

15.104.6 

1.663.0 

POWER  GENERATION 

3 

297.0 

144.647.0 

0.0 

OTHER 

38 

9.5 

3.362.4 

41.1 

GRAND  TOTALS 

1074 

2.191.5 

230.007.6 

34.667.7 

Table  A-1Z  Middle  Missouri  subbasin  permits  and  applications  post  June  30, 1985 
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LAND 

DRAINAGE 

PURPOSE 

NUMBER 

TOTAL  RATE 

VOLUME 

USED  ON 

(cfs) 

(at) 

(acres) 

MISSOURI 

IRRIGATION 

3 

6.7 

365.0 

188.0 

BELT  CREEK 

STOCK 

33 

0.0 

416.0 

0.0 

TO 

FISH  AND  WILDLIFE 

9 

0.0 

324.9 

0.0 

FORT  PECK 

OTHER 

1 

0.0 

24.6 

0.0 

DRAINAGE  TOTALS 

46 

6.7 

1.130.5 

188.0 

JUDITH 

IRRIGATION 

5 

4.8 

726.0 

622.7 

STOCK 

9 

0.0 

27.2 

0.0 

FISH  AND  WILDLIFE 

16 

75.5 

42,580.0 

3.2 

OTHER 

5 

2.0 

313.5 

0.5 

DRAINAGE  TOTALS 

35 

82.3 

43,646.7 

626.4 

MUSSELSHELL 

MUNICIPAL  AND  DOMESTIC 

1 

0.2 

24.0 

0.0 

IRRIGATION 

13 

44.0 

2,452.1 

2,118.2 

STOCK 

44 

0.2 

210.5 

0.0 

FISH  AND  WILDLIFE 

4 

2.0 

43.4 

0.0 

OTHER 

1 

5.0 

18.6 

2.0 

DRAINAGE  TOTALS 

63 

51.4 

2,748.6 

2.120.2 

FORT  PECK 

MUNICIPAL  AND  DOMESTIC 

15 

0.6 

28.8 

0.0 

IRRIGATION 

4 

10.0 

50.8 

28.5 

STOCK 

81 

0.0 

508.7 

0.0 

FISH  AND  WILDLIFE 

10 

1.0 

36.6 

0.0 

OTHER 

1 

0.0 

1.0 

0.0 

DRAINAGE  TOTALS 

111 

11.6 

625.9 

28.5 

SUBBASIN 

MUNICIPAL  AND  DOMESTIC 

16 

0.8 

52.8 

0.0 

TOTALS 

IRRIGATION 

25 

65.5 

3,593.9 

2.957.4 

STOCK 

167 

0.2 

1,162.3 

0.0 

FISH  AND  WILDLIFE 

39 

78.5 

42,984.9 

3.2 

OTHER 

8 

7.1 

357.7 

2.5 

GRAND  TOTALS 

152.1 

48,151.6 

2.963.1 
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METTHODS  USED  TO 

DETERMINE  INSTREAM  FLOWS 

NEEDED  TO  PROTECT 

AQUATIC  HABITAT 

Several  methods  were  used  to  determine  the 
amount  of  water  needed  to  protect  aquatic  habitat.  A 
brief  description  of  these  methods  is  presented  in  the 
following  sections. 


WETTED  PERIMETER  INFLECTION 
POINT  METHOD 

In  determining  the  amount  of  instream  flow  nec- 
essary to  protect  habitat  in  riffle  areas  of  most 
streams,  DFWP  and  BLM  used  the  Wetted  Perimeter 
Inflection  Point  (WETP)  method  of  calculation  (DFWP 
1989).  This  method  Is  based  on  the  assumptions 
that  aquatic  organisms  making  up  the  majority  of 
food  for  gameflsh  are  produced  in  riffle  areas,  and 
that  food  supply  for  the  fish  is  a  major  factor  in 
determining  the  number  and  weight  offish  a  stream 
can  support.  Riffles  also  are  used  by  many  gameflsh 
for  spawning  and  rearing  of  their  young.  Wetted 
perimeter  is  the  linear  distance  along  the  bottom  and 
sides  of  a  stream  that  is  in  contact  with  water  when 
the  stream  is  viewed  in  cross  section  (see  Figure  B- 1) . 
As  flows  change,  the  wetted  perimeter  changes.  If 
water  is  maintained  in  riffles,  a  substantial  amoimt 
of  stream  width  will  extend  near  enough  to  stream- 
side  vegetation  to  provide  shade  and  protection  to 
pools  and  runs  where  adult  fish  reside. 

The  wetted  perimeter  of  riffles  usually  changes 
more  quickly  than  that  of  runs  and  pools  when  flows 
begin  to  recede.  When  streamflow  Is  compared  to  the 
wetted  perimeter.  It  can  be  seen  that  this  rate  of 
change  is  not  constant  (see  Figure  B-2).    At  high 


Figure  B-1.  The  wetted  perimeter  in  a  channel  cross 
section 
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flows,  the  wetted  perimeter  of  a  riffle  will  not  change 
much  as  flow  changes.  As  flows  decrease,  the  wetted 
perimeter  decreases  dramatically  with  small  flow  re- 
ductions. "Inflection  points"  occur  where  the  wetted 
perimeter  begins  to  decline  rapidly  with  additional 
flow  reductions. 

At  high  flows,  the  channel  is  full,  and,  except  for 
floods,  the  stream  has  reached  its  maximum  width. 
As  flows  are  reduced,  the  wetted  perimeter  does  not 
change  much  until  the  upper  Inflection  point  is 
reached.  At  the  upper  inflection  point,  water  begins 
to  drop  below  the  vertical  portion  of  stream  banks, 
and  the  rate  of  change  in  wetted  perimeter  begins  to 
Increase.  The  point  where  the  stream  bottom 
(roughly  horizontal  portion  of  the  channel)  begins  to 
be  dewatered  is  the  lower  inflection  point.  More 
complex  channel  shapes  may  have  several  inflection 
points,  while  some  channels  may  not  have  clearly 
defined  Inflection  points.  The  upper  and  lower  inflec- 
tion points  vary  from  one  stream  to  another,  and 
within  a  single  stream  the  upper  and  lower  inflection 
points  will  vary  from  one  cross  section  to  another.  In 
determining  how  much  water  should  be  reserved  to 
protect  instream  values,  the  applicants  surveyed 
nffle  cross  sections  in  the  field  at  several  different 
fiows.  The  wetted  perimeter  versus  flow  curves  from 


Figure  B-2.  An  example  of  a  relationship  between 
wetted  perimeter  and  flow 
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several  riffle  cross  sections  were  then  averaged  when 
determining  inflection  points. 

According  to  DFWP, 

The  Wetted  Perimeter  Inflection  Point 
Method  provides  a  range  of  flows  (between 
and  Including  the  lower  and  upper  inflec- 
tion points)  ft-om  which  a  single  instream 
flow  recommendation  is  selected.  Flows 
below  the  lower  inflection  point  are  Judged 
undesirable  based  on  their  probable  im- 
pacts on  food  production,  bank  cover, 
and  spawning  and  rearing  habitats,  while 
flows  at  and  above  the  upper  inflection 
point  are  considered  to  provide  near  opti- 
mal conditions  for  fish.  The  upper  and 
lower  Inflection  points  are  believed  to 
bracket  those  flows  needed  to  maintain 
high  and  low  levels  of  aquatic  habitat 
potential  (DFWP  1986b). 

Within  the  range  of  flows  between  the  upper  and 
lower  inflection  points,  DFWP  biologists  used  profes- 
sional Judgment  to  estimate  the  instream  flow  to  be 
requested.  They  considered  the  flow  needed  to  sus- 
tain particular  fish  species,  quality  of  habitat,  recre- 
ational use,  potential  for  stream  reclamation,  and 
eventual  increases  In  fish  production. 

FIXED  PERCENTAGE  METHOD 

In  this  method,  the  WETP  was  used  to  find  the 
high  Inflection  point  on  some  streams,  and  the  flow 
rate  corresponding  to  the  high  inflection  point  was 
expressed  as  a  percentage  of  the  average  annual  flow 
estimated  for  that  stream.  This  was  done  on  streams 
where  average  aimual  flows  had  been  calculated  by 
USFS  and  USGS.  The  percentages  of  the  average 
annual  flow  at  which  the  high  inflection  points 
occurred  on  these  streams  were  averaged  and  ap- 
plied to  other  streams  in  the  same  drainage  (Table  B- 
1).  On  each  of  the  27  streams  shown  in  Table  B-2, 
this  average  value  was  multiplied  by  the  estimated 
average  annual  flow  to  arrive  at  the  requested  in- 
stream flow. 

BASE  FLOW  APPROACH 

The  WETP  method  and  fixed  percentage  approach 
do  not  work  very  well  on  spring  creeks.  On  17  high 
quality  spring  creeks  (Table  B-3)  DFWP  Is  requesting 
that  the  lowest  average  monthly  flow  for  the  year  (the 
base  flow),  typically  during  the  winter,  be  allocated 
for  Instream  purposes  year-round. 


Table  B-1 .  Upper  inflection  point  flows  expressed  as 
percentages  of  average  annual  flows  for  selected 
streams  In  the  Upper  Missouri  River  basin 


Sui}basin  Streams 

Number  Of 
Stream 
Reaches 

Upper  inflection 

Point  %  of 

Average 

Annual  Flow 

Range  (% 

of  Average 

Annual 

Flow)* 

Beavertiead-Red  Rock 
River  tributaries 

25 

43 

(16-70) 

Big  Hole  River  tributaries 

21 

32 

(18-66) 

Gallatin  River  tributaries 
(excludes  East  Gallatin 
River  tributaries) 

10 

31 

(25-39) 

Jefferson  River  tributaries 

7 

36 

(33^0) 

Madison  River  tributaries 

10 

47 

(29-61) 

Ruby  River  tributaries 

7 

48 

(37-54) 

Upper  Missouri  River  tributaries      7 

34 

(18-71) 

Smith  River  tributaries 

9 

27 

(16-39) 

Musselshell  River  tributaries 

6 

44 

(39-58) 

Marias  River  tributaries 

7 

40 

(24-68) 

*  Range  excludes  lowest  and  highest  values  to  eliminate  outliers 

that  could  distort  the  average  percentage. 
Source:  DFWP  1989 

Table  B-2.  Streams  where  DFWP  used  the  fixed 
percentage  method 


Beaverhead-Red  Rocl<  subbasin 

Browns  Canyon  Creek 
Red  Rocl<  River  (Reach  #1) 
Reservoir  Creel< 
West  Forte  Dyce  Creek 

Big  htole  subbasin 

Big  Lake  Creek 
Delano  Creek 
Jacobson  Creek 
Rock  Creek 
Wyman  Creek 

Gallatin  subbasin 

Hell  Roaring  Creek 

Jefferson  subbasin 

Halfway  Creek 

Madison  subbasin 

Cougar  Creek 
Duck  Creek 
Elk  River 
Moore  Creek 
Red  Canyon  Creek 
Trapper  Creek 
Watkins  Creek 

Source:  DFWP  1989 


Ruby  subbasin 

Coal  Creek 


Upper  Missouri  subbasin 
Deep  Creek 


Smitii  subbasin 

North  Fori<  Deep  Creek 

Musselshell  subbasin 

Collar  Guteh  Creek 

Marias  subbasin 

Badger  Creek 
Birch  Creek 
Cut  Bank  Creek 
North  Fort<  Deep  Creek 
South  Fork  Deep  Creek 
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Table  B-3.  Streams  where  DFWP  used  the  base  flow 
approach  * 


BeK  Creek  drainage 

Big  Otter  Creek 

Lake  Helena-Hauser 
Reservoir 

McGuire  Creek^ 
Spokane  Creek^ 
Silver  Creek^ 

Sun  drainage 

North  Fork  Willow  Creek 

Teton  drainage 

McDonald  Creek 
Spring  Creek 


Beavertiead-Red  Rock  drainage 

Poindexter  Slough 

Gailatin  drainage 

Ben  Hart  Spring  Creek 
Thompson  Spring  Creek 

Jefferson  drainage 
Willow  Spring  Creek 

Madison  drainage 

Antelope  Creek 
Black  Sand  Spring  Creek 
Blaine  Spring  Creek 
O'Dell  Spring  Creek 
South  Fork  Madison  River* 

Ruby  drainage 

Warm  Springs  Creek 


*  Separate  summer  and  winter  base  flows  are  being  requested  for  the 
three  spring  creeks  in  the  Helena  Valley.  Discharge  in  all  three 
creeks  is  strongly  influenced  by  inigation  practices  in  the  valley. 
Flows  increase  significantly  during  the  inigation  season.  All  three 
creeks  provide  important  spawning  habitat  for  large  salmonids  mi- 
grating out  of  the  Hauser  Reservoir-Lake  Helena  complex.  The 
spawning  runs  depend  upon  the  higher  discharges  that  occur  during 
the  irrigation  season.  A  base  winter  flow  would  not  provide  enough 
discharge  to  maintain  these  spawning  runs. 

Several  flows  were  measured  in  each  stream  throughout  the  year  to 
obtain  information  on  the  base  flow  characteristics  of  the  stream  and 
to  identify  the  effects  of  irrigation.  An  average  base  summer  flow  was 
calculated  using  data  collected  between  May  and  November,  the 
period  when  spawning  occurs  in  the  streams.  An  average  base 
winter  flow  was  calculated  for  the  remainder  of  the  year.  Both  values 
were  used  to  determine  the  flow  requests  for  these  streams. 

''  Although  not  a  "classic"  spring  creek,  the  South  Fork  of  the  Madison 
River  was  included  because  subsurface  inflows  have  a  stabilizing 
influence  on  seasonal  flows,  causing  the  South  Fork  to  more  closely 
resemble  a  large  spring-fed  creek  than  a  typical  snow-fed  mountain 
stream. 

Source:  DFWP  1989 


RELATIONSHIPS  BETWEEN  FLOW  RATE 
AND  FISH 

If  stifficient  information  Is  available  on  how  fish 
populations  vary  over  the  years,  a  relationship  be- 
tween flow  rate  and  fish  numbers  or  weight  can 
sometimes  be  developed.  Once  this  relationship  Is 
known.  It  Is  possible  to  select  flow  rates  that  will 
sustain  a  fish  population.  DFWP  used  this  approach 
In  the  Gallatin  River  (reach  2),  Madison  River  (reach 
4),  and  Narrows  Creek. 

On  the  Missouri  River  (reaches  2-6),  DFWP 
requested  Instream  flows  based  on  the  seasonal 
biological  needs  of  resident  and  migratory  fish  and 
nesting  geese.  The  seasonal  needs  for  fish  included 
consideration  of  the  amount  of  water  necessary  for 
successful  paddleflsh  migration  and  rearing  of 
yoiong  fish. 

OTHER  APPROACHES 

DFWP  also  requested  reservation  of  all  remain- 
ing unappropriated  water  on  four  streams  (Table 
B-4)  to  protect  water  quality  and  fisheries  of  the 
East  Gallatin  River.  All  remaining  unappropriated 
water  was  requested  on  three  tributaries  (Table  B-4) 
of  the  Madison  River  below  Hebgen  Dam  to  ensure 
adequate  flow  in  the  Madison  when  water  is  not 
being  released  from  the  dam.  Lastly,  on  two  inter- 
mittent tributaries  of  the  Missouri  River  (Table  B-4), 
one-half  the  average  annual  flow  was  requested  dur- 
ing four  months  each  year  to  protect  a  rainbow  trout 
spawning  run. 


Table  B-4.  Streams  where  DFWP  used  other  approaches  to  determine  Instream  flow  requests 
Stream  Reach  Request  Reason 


East  Gallatin  River-Reach  1 
Bridger  Creek 
Rocky  Creek 
Sourdough  Creek 

Beaver  Creek 

Cabin  Creek 

West  Fork  Madison  River 

Stickney  Creek 
Wegner  Creek 


All  remaining 
unappropriated  water 


All  remaining 
unappropriated  water 

Mean  annual  flow  for 
four  months  of  the  year 


To  protect  water  quality 
in  the  East  Gallatin  River 
for  fisheries  purposes 

To  offset  flow  reductions 

due  to  storage  at  Hebgen  Reservoir 

To  allow  rainbow  trout  from 
the  Missouri  to  spawn  in  these 
intermittent  streams 
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Appendix  C 

MISSOURI  RIVER  WATER  AVAILABILITY 
MODEL  AND  MODEL  RESULTS 
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MISSOURI  RIVER  WATER 
AVAILABILITY  MODEL 

DNRC  developed  a  computer  model  to  analyze 
phjrsical  and  legal  water  availability  In  the  Missouri 
basin  and  to  assess  the  Impacts  that  the  proposed 
reservation  requests  coiild  have  on  streamflows,  res- 
ervoir levels,  and  hydropower  production  (DNRC 
1990c).  The  model  has  three  major  components:  (1) 
the  streamflow  component,  (2)  the  Irrigation  compo- 
nent, and  (3)  the  dam  and  reservoir  operations  com- 
ponent. A  diagram  of  the  model  is  presented  in 
Figure  C-1. 

Seasonal  streamflow  patterns  are  calculated  in 
the  streamflow  component  on  the  basis  of  recorded 
flows  and  flow  calculations  generated  by  the  reser- 
voir and  irrigation  components  of  the  model.  The 
model  calculates  streamflows  at  35  locations  (Table 
C-1  and  Map  C-1). 

The  irrigation  component  of  the  model  estimates 
monthly  irrigation  diversions,  consumption,  losses, 
and  return  flows  for  new  and  existing  irrigation  at 
each  of  the  35  locations.  Information  required  for 
this  component  includes  acres  irrigated  by  each  type 
of  system  used,  crop  water  requirements.  Irrigation 
efllclencies,  and  surface  water  and  groundwater  re- 
turn flows. 

The  dam  and  reservoir  operations  component  of 
the  model  is  used  to  compute  storage,  water  surface 
elevations,  releases,  spills,  diversions,  and  power 
generation  on  the  basis  of  monthly  inflows  to  the 
reservoirs.  Dams  included  in  the  model  are  Hebgen, 
Madison,  Canyon  Ferry,  Hauser,  Holter,  Black  Eagle, 
Rainbow,  Cochrane,  F^an,  Morony,  Tiber,  and  Fort 
Peck.  Information  required  for  this  part  of  the  model 
includes  present  goals  for  reservoir  water  elevations 
at  different  times  of  year,  relationship  between  water 
elevation  and  reservoirvolumes,  turbine  and  electric 
generator  capacities,  and  other  relevant  operations 
criteria. 

Data  for  the  model  were  obtained  from  several 
sources.  Streamflows  at  each  of  the  model's  35  mea- 
surement points  were  provided  by  USGS  for  the  pe- 
riod 1929  to  1986  (USGS  1989).  BUREC  estimated 
irrigated  acres  and  crop  water  requirements  for  this 
period  (BUREC  1990).  DNRC  calculated  groundwa- 
ter return  flows.  Reservoir  operation  criteria  were 
supplied  by  MPC  for  Hebgen,  Madison,  Holter, 
Hauser,  Rainbow,  Black  Eagle,  Cochrane,  Ffyan.  and 


Morony  dams  (MPC  1989);  by  BUREC  for  Canyon 
Feny  and  Tiber  dams  (BUREC  1989);  and  by  the 
Army  Corps  of  Engineers  (COE)  for  Fort  Peck  Dam 
(COE  1989).  Other  information,  such  as  irrigation 
system  efficiencies  and  surface  return  flow  factors, 
was  developed  by  DNRC  in  cooperation  with  BUREC 
and  SCS.  The  1986  level  of  irrigation  was  used  to 
simulate  existing  streamflows.  DNRC  selected  1986 


Figure  C-1 .  Missouri  basin  modei  schematic 
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Table  C-1 .  Location  of  Missouri  basin  model  nodes 


USGS 

NODE    GAUGE' 

NODE  LOCATION 

1 

256 

Big  Hole  River  -  near  Melrose 

2 

154 

Beaverhead  River  -  above  Dillon 

3 

185 

Beaverhead  River  -  near  Twin  Bridges 

4 

230 

Ruby  River  -  near  mouth 

5 

265 

Jefferson  River  -  near  Twin  Bridges 

6 

366.5 

Jefferson  River  -  near  Three  Forks 

7 

525 

Gallatin  River  -  near  Ijogan 

8 

(MPC) 

Madison  River  -  inflow  to  Hebgen  Reservoir 

9 

385 

Madison  River  -  outflow  from  Hebgen  Resen/oir 

10 

410 

Madison  River  -  below  Ennis  Lake 

11 

425 

Madson  River  -  near  Three  Forks 

12 

545 

Missouri  River  -  at  Toston 

13 

(USBR) 

Missouri  River  -  Inflow  to  Canyon  Ferry  Reservoir 

14 

(USBR) 

Missouri  River  -  outflow  from  Canyon  Ferry 
Reservoir 

15 

(MPC) 

Missouri  River  -  outflow  from  Hauser  Dam 

16 

(MPC) 

Missouri  River  -  inflow  to  Hotter  Lake 

17 

(MPC) 

Missouri  River  -  outflow  from  Holter  Dam 

18 

775 

Smith  River  -  near  Eden 

19 

782 

Missouri  River  -  near  Ulm 

20 

885 

Muddy  Creek  -  at  Vaughn 

21 

890 

Sun  River  -  near  Vaughn 

22 

(MPC) 

Missouri  River  -  near  Great  Falls,  at  Black 
Eagle  Dam 

23 

903 

Missouri  River  -  near  Great  Falls,  below 
Morony  Dam 

24 

908 

Missouri  River  -  at  Fort  Benton 

25 

1085 

Teton  River  -  near  Loma  (mouth) 

26 

(USBR) 

Marias  River  -  inflow  to  Tiber  Reservoir 

27 

(USBR) 

Marias  River  -  outflow  from  Tiber  Reservoir 

28 

1020.5 

Marias  River  -  near  Loma,  mouth 

29 

1095 

Missouri  River  -  at  Virgelle    . 

30 

1135 

Judith  River  -  near  mouth 

31 

1152 

Missouri  River  -  near  Landusky 

32 

1305 

Musselshell  River  -  at  Mosby 

33 

1310 

Big  Dry  Creek  -  near  mouth 

34 

ARMYCORP 

Fort  Peck  inflows 

35 

1320 

Fort  Peck  outflows 

'  USGS  gauge  codes  are  abbreviated 

(MPC)  =  Historical  records  available  from  the  Montana  Power 

Company 
(USBR)  =  Historical  records  available  from  the  U.S.  Bureau  of 

Reclamation 
ARMYCORP  =  Historical  records  available  from  the  U.S.  Army 

Corps  of  Engineers 


because  it  is  a  recent  year  during  which  irrigated 
acreage  approached  maximum  levels  for  the  1929  to 
1986  period.  DNRC  considers  this  level  of  irrigation 
to  best  represent  existing  conditions  in  the  basin. 
The  first  operation  or  "baseline"  run  of  the  model  was 
used  to  estimate  streamflows  assuming  a  1986  level 
of  irrigation. 


In  this  initial  run,  the  model  used  recorded 
monthly  average  flows  where  they  were  available  for 
the  period  1929  to  1986.  At  measuring  points  where 
actual  flow  data  were  not  available,  the  model  was 
used  to  estimate  them  on  the  basis  of  data  from 
surrovmding  locations.  Irrigated  acreage  data  and 
crop  water  requirements  were  used  in  the  model  to 
determine  Irrigation  withdrawals,  water  consump- 
tion, and  return  flows  for  each  of  the  58  years  at  each 
of  the  35  measuring  points.  Next,  similar  calcula- 
tions were  made  using  the  1986  irrigated  acreage 
data  instead  of  that  for  each  year.  The  effects  of  the 
1986  level  of  irrigation  development  were  compared 
to  those  calculated  for  each  year  from  1929  to  1986. 
Any  net  monthly  increases  in  flows  at  a  location  that 
resulted  from  1986  Irrigation  levels  were  added  to  the 
measured  or  calculated  flows  at  that  location.  Simi- 
larly, any  net  decreases  in  flow  were  subtracted. 
These  calculated  flows  were  then  passed  through  the 
reservoir  components  of  the  model,  where  applicable, 
and  readjusted  to  reflect  plarmed  reservoir  opera- 
tions. The  results  were  estimates  of  flow  for  each  year 
at  each  measuring  point  under  1986  levels  of  irriga- 
tion and  current  reservoir  operations.  Average  and 
percentile  flows,  hydropower  production,  reservoir 
surface  elevations,  and  storage  summaries  were  cal- 
culated for  each  month.Informatlon  derived  from  this 
run  served  as  the  "baseline"  case  for  comparison  to 
model  results  from  the  three  alternatives  that  include 
granting  of  reservations  (Tables  C-2  through  C-6). 

In  Chapter  Six.  the  model  results  are  used  to 
examine  the  effects  of  proposed  new  consumptive 
uses  on  streamflows.  hydropower  production,  and 
reservoir  operations.  Project  acreage,  irrigation  effi- 
ciencies, and  return  flow  characteristics  for  new  irri- 
gation projects  were  Included  in  the  flow  calculations 
at  each  water  measuring  location  for  each  year.  Simi- 
larly, information  was  entered  to  characterize  the 
municipal  requests  and  the  proposed  Virgelle 
Interbasln  diversion  project,  with  reductions  in  flow 
associated  with  these  reservations  included  in  flow 
calculations  when  applicable.  Monthly  average  and 
percentile  flows  were  computed  from  the  calculated 
flows  at  each  node.  These  results  were  compared  to 
those  in  the  "baseline"  run  (Tables  C-2  through  C-6). 

CLIMATE  CHANGE 

The  prospect  of  a  warmer  climate  poses  a  prob- 
lem. The  analysis  in  this  EIS  is  based  on  the  as- 
sumption that  the  climate  and  streamflows  of  the 
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Map  C-1 .  Locations  of  nodes  used  in  Missouri  basin  modeling 
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next  50  years  will  be  similar  to  the  58-year  record.  If 
the  climate  of  the  Missouri  River  basin  becomes  sig- 
nificantly warmer  and  drier,  then  model  results 
based  on  this  assumption  will  not  accurately  reflect 
strecimflows,  crop  requirements,  and  project  im- 
pacts. 

Present  techniques  for  estimating  water  quantity 
and  distribution  in  the  Missouri  River  basin  are  based 
tn  part  on  a  brief  58-year  record  of  past  streamflows. 
Conditions  that  affect  water  quantity  and  distribu- 
tion, such  as  the  length  of  the  growing  season,  evapo- 
ration from  reservoirs,  and  the  water  requirements  of 
crops,  may  change  beyond  any  fluctuation  seen  be- 
fore in  the  historical  record.  Of  particular  concern  is 
the  possible  warming  of  the  earth's  atmosphere, 
which  would  create  a  warmer  global  climate. 

Over  the  last  centuiy,  atmospheric  concentra- 
tions of  heat-trapping  gases  have  increased  rapidly 
due  to  widespread  industrialization.  Concentrations 
of  carbon  dioxide  have  Increased  by  25  percent  and 


methane  by  140  percent  since  the  mid- 1800s  (EPA 
1990,  Nefl;ez  et  al.  1990.  Keeling  et  al.  1990,  Stauffer 
etal.  1990,  Khallletal.  1990).  The  buildup  of  these 
gases  could  cause  measurable,  long-term  warming 
of  the  climate  during  the  next  40  to  80  years  (EPA 
1990,  Intergovernmental  Panel  on  Climate  Change 
1990,  National  Governors  Association  1990).  Debate 
continues  over  the  magnitude  and  rate  of  warming 
and  precisely  how  that  warming  will  affect  climate, 
environment,  and  economies.  Most  of  the  predic- 
tions published  to  date  agree  that  the  continental 
interior  of  North  America  should  expect  drying  In 
response  to  increased  global  temperatures  because 
of  regional  redistribution  of  precipitation  (EPA  1990, 
Intergovernmental  Panel  on  Climate  Change  1990, 
Joyce  et  al.  1990).  In  the  Missouri  River  basin,  the 
effects  could  include  reduced  precipitation  and  snow- 
pack,  reduced  streamflow,  altered  timing  and  rates 
of  runoff,  increased  crop  requirements  and  evapora- 
tive losses,  and  degraded  surface  and  groundwater 
quality  (EPA  1990,  Joyce  et  al.  1990.  Jacobs  and 
Riebsane  1989). 
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Table  C-2.  Monthly  streamflow  percentile  distributions  (In  cfs) 


BASELINE  CONDITIONS 

MODEL  NODE      %FLOW     OCT      NOV      DEC      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP      AVG 


BIG  HOLE 

1   Average 

518 

505 

395 

349 

365 

462 

1537 

3499 

4228 

1435 

450 

367 

1176 

RIVER  NEAR 

10 

797 

684 

526 

456 

482 

706 

2428 

5534 

6588 

2448 

774 

593 

1835 

MELROSE 

20 

673 

617 

457 

420 

415 

530 

2068 

4549 

5903 

2024 

668 

514 

1570 

50 

469 

474 

355 

347 

341 

399 

1300 

3156 

4072 

1409 

450 

324 

1092 

80 

333 

360 

287 

254 

289 

337 

890 

2002 

2497 

666 

204 

207 

694 

90 

269 

318 

269 

215 

249 

312 

666 

1870 

1272 

368 

47 

135 

499 

BEAVERHEAD 

2  Average 

261 

285 

250 

206 

207 

227 

273 

398 

581 

456 

424 

305 

323 

RIVER 

10 

456 

473 

385 

308 

298 

349 

487 

719 

980 

768 

775 

508 

542 

ABOVE  DILLON 

20 

380 

393 

332 

250 

268 

308 

393 

650 

841 

716 

651 

424 

467 

50 

217 

280 

245 

206 

209 

215 

214 

345 

537 

497 

390 

243 

300 

80 

109 

130 

139 

112 

115 

125 

140 

134 

211 

168 

120 

128 

136 

90 

87 

96 

94 

84 

99 

102 

96 

86 

123 

15 

17 

70 

81 

BEAVERHEAD 

3  Average 

421 

571 

511 

422 

444 

495 

494 

306 

447 

392 

312 

401 

435 

RIVER  NEAR 

10 

728 

792 

678 

560 

560 

626 

820 

611 

915 

726 

548 

640 

684 

TWIN 

20 

590 

676 

602 

498 

507 

562 

641 

505 

676 

642 

475 

568 

579 

BRIDGES 

50 

410 

559 

496 

416 

437 

494 

447 

206 

348 

386 

308 

386 

408 

80 

156 

423 

395 

325 

363 

377 

311 

100 

72 

41 

61 

128 

229 

90 

106 

347 

338 

263 

325 

348 

263 

51 

0 

0 

0 

91 

178 

MOUTH  OF 

4  Average 

238 

231 

179 

144 

135 

165 

198 

227 

304 

120 

68 

224 

186 

RUBY  RIVER 

10 

301 

295 

238 

180 

168 

226 

331 

405 

609 

330 

195 

305 

299 

20 

289 

275 

209 

166 

148 

209 

283 

352 

530 

223 

134 

283 

258 

50 

242 

232 

167 

138 

130 

149 

176 

208 

236 

89 

40 

221 

169 

80 

180 

186 

153 

121 

115 

116 

102 

89 

50 

0 

0 

168 

107 

90 


152   165   147   118   109   109 


92 


40 


0       154 


JEFFERSON 
RIVER  NEAR 
TWIN  BRIDGES 


JEFFERSON 
RIVER  NEAR 
THREE  FORKS 


GALLATIN 
RIVER  NEAR 
LOGAN 


90 


Average  1283  1468  1242  1062  1101  1229  2325  3863  5201  1901  730   990  1866 

10   1869  1875  1518  1306  1328  1634  3333  6269  8071  3436  1336  1468  2787 

20   1622  1724  1395  1205  1235  1422  3034  5137  7176  2775  1079  1277  2423 

50   1270  1420  1210  1053  1071  1164  2030  3466  5108  1809  739 

80    871  1203  1044  904  930  1010  1506  2311  2862  723  201 

90    723  1086  977  804  845  921  1326  2020  1631  274  0 


931  1773 
657  1185 
461   922 


6  Average  1789  1895  1459  1319  1347  1649  2567  4332  6396  1914  796  1283  2229 

10   2597  2381  1933  1621  1846  2025  3498  6911  10700  3591  1694  1921  3393 

20   2231  2173  1714  1516  1565  1886  3135  6017  9447  2678  1160  1643  2930 

50   1806  1893  1456  1334  1339  1638  2610  3970  6180  1748  727  1191  2158 

80   1146  1519  1137  1087  1034  1395  1688  2242  2913  523  172  866  1310 

90    966  1369   990   980   831  1317  1447  1811  2125  247  0  597  1057 

709   820  1072  2082  3052  1394 

854  1001  1427  3171  4733  2099 

809   926  1291  2687  4262  1877 

719   810  996  2092  3066  1306 

578   706  798  1233  1672  871 

90    340   458   507   480   496   619  703  1043  1305  652  387  220  601 

754  930  1666  1926  993  804  826  998 

945  1223  2278  3118  1467  1079  1115  1351 

862  1052  2021  2533  1325  1007  960  1194 

754  881  1594  1814  938  758  762  952 

629  756  1241  1189  700  626  640  759 

583  716  1133  1002  616  579  590  688 


Average 

748 

813 

746 

680 

10 

1117 

1096 

927 

861 

20 

991 

991 

864 

799 

50 

812 

814 

763 

689 

80 

489 

659 

610 

567 

692 

637 

1120 

993 

976 

1605 

888 

851 

1436 

638 

630 

1111 

485 

453 

760 

MADISON       8 

Average 

863 

880 

799 

776 

758 

RIVER  INFLOWS 

10 

1060 

1094 

1012 

917 

899 

TO  HEBGEN 

20 

949 

956 

925 

894 

846 

RESERVOIR 

50 

808 

786 

791 

758 

772 

80 

696 

655 

646 

665 

663 

90 

634 

609 

585 

611 

600 

C-7 


Baseline  conditions  (continued) 
MODEL       % 
NODE     FLOW 


OCT      NOV       DEC       JAN       FEB      MAR       APR      MAY       JUN       JUL      AUG       SEP      AVG 


HEBGEN 
RESERVOIR 
OUTFLOWS  TO 
MADISON  RIVER 


9      Average  1462     1405       872       783  705  815  991  1053  1193  973  883  1102  1020 

923  837  1046  1373  1594  1684  1366  1273  1511  1374 

898  781  923  1138  1265  1389  1233  1226  1438  1214 

762  712  796  963  1037  1100  1023  851  998  974 

672  611  684  811  715  968  642  536  780  785 

611  564  565  710  703  913  413  472  735  712 


10  1955  1815  1106 

20  1688  1596  990 

50  1308  1290  853 

80  1204  1098  700 

90  1175  1044  638 


MADISON  RIVER  10     Average  2016  2079  1412  1280  1240  1429  1561  2130  2798  1773  1382  1579  1723 

BELOW                                10       2778  2708  1713  1565  1486  1715  2075  2972  3842  2382  1772  2054  2255 

ENNISLAKE                        20       2374  2476  1631  1502  1438  1548  1781  2571  3638  1980  1763  2023  2060 

50        1877  1949  1381  1247  1270  1456  1600  1872  2606  1844  1408  1437  1662 

80       1712  1706  1208  1064  1063  1265  1328  1723  2098  1329  959  1261  1393 


90 


1646  1557  1127   999  1020  1131  1107  1388  1659   932   791  1183  1212 


MADSION  RIVER  1 1  Average  2046  1897  1604  1313  1269  1432  1662  2204  2848  1679  1238  1495  1724 


NEAR 
THREE  FORKS 


10  2845  2446  2040  1577  1536  1731  2167  3033  4044  2523  1707  1952  2300 

20  2446  2023  1959  1549  1489  1548  1853  2602  3756  1933  1647  1898  2059 

50  1924  1794  1609  1302  1302  1451  1646  2011  2731  1715  1227  1393  1675 

80  1739  1590  1265  1102  1045  1262  1432  1759  2020  1223  724  1189  1362 

90  1676  1525  1176  1033  969  1078  1160  1636  1690  823  602  1124  1208 


MISSOURI      12  Average  4538  4769  3717  3263  3606  3967  5656  8681  11502  4719  2310  3240  4997 

RIVER  AT           10   5957  5896  4334  4031  4270  4786  7377  13161  17817  8133  3741  4715  7018 

TOSTON            20   5531  5491  4160  3708  3959  4614  6839  11225  16582  6289  3065  4167  6303 

50   4240  4500  3680  3246  3566  3909  5242  8320  11468  4410  2251  3113  4829 

80   3382  3943  3245  2748  3240  3368  4290  5378  6627  2154  1280  2269  3494 

90   3120  3747  3041  2570  2935  2957  3835  4771  5536  1824  829  1846  3084 


MISSOURI  RIVER  13  Average  4665  4875  3742  3353  3702  4386  5751  8945  11561  4658  2193  3342  5098 


INFLOWS  TO 
CANYON  FERRY 
RESERVOIR 


10  6560  6135  4592  4203  4585  5430  7494  14144  18762  7870  3736  4878  7366 

20  5790  5658  4218  3912  4206  5012  7076  11776  16385  7075  3136  4484  6561 

50  4459  4695  3779  3389  3759  4301  5323  8320  11365  4175  2087  3159  4901 

80  3320  4139  3233  2725  3061  3723  4546  5570  5971  2095  1071  2313  3480 

90  3219  3572  2546  2322  2446  3440  3710  4547  4785  1377  692  1808  2872 


CANYON  FERRY  14  Average  4619  4668  4689  4172  4356  5360  5795  6205  6049  4959  3718  3812  4867 

RESERVOIR         10   5511  5628  5846  5880  6000  8170  8810  9457  9214  7837  5460  5473  6941 

OUTFLOWS  TO       20   5373  5459  5577  5362  5591  6807  7399  8003  7750  6416  4603  4695  6086 

MISSOURI  RIVER      50   4831  4830  4835  4080  4172  5289  5777  6276  6067  4357  2928  3026  4706 

80   3901  3900  3905  2928  3242  2928  3142  3373  3287  2928  2928  3026  3291 

90   2928  3026  2928  2928  3242  2928  3026  2928  3026  2928  2928  3026  2987 


OUTFLOWS  TO 
MISSOURI  RIVER 


HAUSERLAKE   15  Average  4624  4641  4717  4228  4353  5384  5772  6137  5969  4853  3661  3822  4847 

10   5513  5586  5847  5873  6001  8110  8829  9403  9144  7673  5416  5491  6907 

20   5412  5442  5587  5360  5635  6812  7371  7959  7673  6308  4550  4606  6060 

50   4819  4766  4863  4071  4218  5402  5803  6256  6028  4157  2937  3231  4712 

80   3784  3893  3907  2984  3257  3037  3264  3347  3071  2820  2832  2996  3266 

90   3068  3009  3028  2919  3169  2925  3011  2797  2926  2750  2791  2952  2946 


MISSOURI 
RIVER 

INFLOWS  TO 
HOLTER  LAKE 


16  Average  4642  4637  4732  4286  4403  5452  5831  6258  6165  4782  3607  3867  4889 

10   5581  5648  5856  5956  6055  8056  8569  9522  9607  8012  5282  5623  6981 

20   5412  5451  5510  5427  5663  6835  7386  8384  8510  6168  4528  4695  6164 

50   4877  4812  4904  4113  4101  5393  5905  6169  5884  3966  3100  3322  4712 

80   3798  3871  3918  3021  3299  3356  3791  3582  3878  2760  2733  2982  3416 

90   3060  2889  3101  2876  3077  2895  2952  2834  2856  2635  2641  2917  2894 


C-8 


Baseline  conditions  (continued) 
MODEL       % 
NODE     FLOW 


OCT      NOV       DEC       JAN       FEB      MAR       APR      MAY       JUN       JUL      AUG       SEP      AVG 


HOLIER  LAKE       17     Average  4611  4638  4820  4376  4489  5435  5773  6114  6078  4819  3645  3873  4889 

OUTFLOWS                         10       5638  5728  5883  5999  6195  7850  8851  9532  9575  8118  5349  5559  7023 

TO  MISSOURI                     20       5393  5453  5581  5564  5664  7028  7316  8336  8344  6130  4495  4752  6171 

RIVER                                  50       4790  4815  4959  4209  4302  5364  5651  5816  5747  3964  3135  3428  4682 

80       3727  3823  3901  3048  3318  3270  3876  3638  3601  2902  2769  2997  3406 

90       2885  2922  3342  2814  3002  2779  3048  2611  2935  2758  2624  2817  2878 


SMITH  RIVER 

NEAR 

EDEN 


18     Average     172       152       124        96       140       170      414      975       992      407       141       139      327 


10 

330 

260 

241 

151 

243 

265 

699 

1755 

2233 

884 

283 

258 

633 

20 

238 

185 

168 

137 

173 

228 

566 

1481 

1209 

635 

202 

169 

449 

50 

140 

129 

105 

93 

124 

156 

339 

793 

796 

302 

124 

106 

267 

80 

110 

102 

62 

58 

80 

102 

210 

487 

434 

129 

56 

62 

158 

90 

87 

87 

23 

38 

63 

83 

179 

345 

304 

60 

24 

50 

112 

MISSOURI              19     Average  5128  5185  5330  4955  5075  6176     7008     8862     8959    5913  3943  4206  5895 

RIVER  NEAR                       10       6511  6571  6557  6511  7076  8699  10205  12818  1356110001  5940  6238  8391 

ULM                                      20       6087  5953  6047  6238  6284  7878     8857  11533  11557     7855  5003  5176  7372 

50       5096  5229  5377  4891  4856  6415     6843     8676     8470     4960  3372  3616  5650 

80       3975  4188  4442  3655  3630  3751     4704     6039     5298     3146  2781  3186  4066 

90       3349  3379  3591  3417  3299  3407     3465     4588     4482     2921  2661  2968  3461 


MUDDY                  20     Average  110  62  45  34  38  57  42  139  240  262  293  180 

CREEK                                 10  145  73  57  49  58  100  57  210  343  369  390  254 

AT                                         20  131  71  52  43  49  68  47  170  290  345  369  227 

VAUGHN                              50  109  63  44  34  35  39  35  128  226  255  306  183 

80  86  50  35  25  27  32  30  96  174  175  212  128 

90  77  48  30  21  22  29  28  67  154  141  175  104 


125 
176 
155 
122 
89 
75 


SUN  RIVER 

NEAR 

VAUGHN 


21  Average  383   329 
10    503   451 


20 
50 
80 
90 


445 
362 
282 
234 


385 
299 
244 
203 


289  249  264  332  453  1567  2588  644  509 

433  342  388  662  920  2885  5038  1374  716 

341  305  331  438  688  2397  3450  1125  670 

260  240  237  272  308  1481  1943  430  493 

199  171  187  200  184  535  1019  240  312 

181  131  148  159  152  320  736  42  224 


434  670 

584  1191 

541  926 

426  563 

303  323 

239  231 


MISSOURI      22  Average  5707  5499  5428  5037  5338  6610  7545  10398  11100  6586  4554  4689  6541 

RIVER  AT  10   7115  7187  6793  7054  7244  9504  10719  15787  17362  10834  6831  6610  9420 

BLACK  EAGLE        20   6683  6601  6385  6555  6740  8514  9389  13134  13913  9180  5912  5876  8240 

DAM  50   5776  5416  5566  4893  5064  6568  7419  10031  10265  5789  3951  4230  6247 

80   4461  4437  4597  3668  3757  4023  5232  6660  6498  3506  3222  3583  4470 

90   3799  3455  3515  3204  3356  3636  3908  5738  4862  3097  3005  3323  3742 

MISSOURI     23  Average  6057  5849  5778  5387  5688  6960  7895  10748  11450  6936  4904  5039  6891 

RIVER  BELOW        10   7465  7537  7143  7404  7594  9854  11069  16137  17712  11184  7181  6960  9770 

MORONY  20   7033  6951  6735  6905  7090  8864  9739  13484  14263  9530  6262  6226  8590 

DAM  50   6126  5766  5916  5243  5414  6918  7769  1038110615  6139  4301  4580  6597 

80   4811  4787  4947  4018  4107  4373  5582  7010  6848  3856  3572  3933  4820 

90   4149  3805  3865  3554  3706  3986  4258  6088  5212  3447  ,3355  3673  4092 


MISSOURI      24  Average  5913  5863  5826  5467  5802  7067  8103  11437  12451  7159  4905  5083  7090 

RIVER  AT           10   7417  7546  7262  7487  7720  10025  1126117516  20204  11789  7173  7244  10220 

FORT  BENTON        20   7089  6814  6898  7055  7455  9398  10156  14562  15793  9405  6080  6235  8912 

50   5696  5765  5859  5376  5585  7128  7931  11042  11541  6104  4318  4629  6748 

80   4610  4783  4879  3993  4113  4412  5701  7446  7206  3814  3543  3905  4867 

90   3823  3783  3878  3548  3680  4001  4285  6243  5596  3544  3364  3620  4114 


C-9 


Baseline  conditions  (continued) 
MODEL       % 
NODE     FLOW 


OCT      NOV      DEC      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP      AVG 


TETON  RIVER       25     Average      51       230       169       140      205      509      478       852     1289      392 

NEAR 

LOMA 


10 
20 
50 
80 
90 


229  705 

53  205 

0  0 

0  0 

0  0 


411 

251 

99 

0 

0 


310  548  1208  1149  2163  2385  1282 

229  322  676  839  1708  1638  640 

63  111  336  303  384  795  42 

0  0  111  0  0  54  0 

0  0  32  0  0  0  0 


99 
277 

41 
0 
0 
0 


75  374 

190  905 

105  559 

0  178 

0  14 

0  3 


MARIAS  RIVER     26     Average    358      355       282       249      354      743     1128    2618     3148     1019      348      278      907 

INFLOWS 

TO  TIBER 

RESERVOIR 


10 
20 
50 
80 
90 


686  606 

487  465 

279  292 

148  177 

119  153 


581 
380 
221 
143 
123 


450 
319 
221 
127 
105 


720  1514  2014  3851  5963  1950 

423  962  1415  3554  4049  1405 

259  468  1058  2407  2487  856 

158  310  498  1804  1452  399 

108  254  440  1311  1229  149 


664 

504 

316 

95 

0 


582  1632 

461  1202 

215  757 

82  449 

0  333 


TIBER                    27     Average    961  767  766  766  768 

RESERVOIR                        10        1524  1219  1219  1219  1219 

OUTFLOWS                        20        1279  1023  1023  1023  1023 

TO  MARIAS                         50         956  765  765  765  765 

RIVER                                  80         577  461  461  461  461 

90         423  339  339  339  339 


554  707  815  903  1221  1221  1222  889 

839  1120  1454  1619  2025  2025  2025  1459 

658  937  1033  1106  1570  1570  1570  1151 

455  482  476  471  1132  1132  1132  775 

455  471  455  471  750  750  750  544 

455  471  455  471  513  513  513  431 


MARIAS  RIVER     28     Average    943  680 

NEAR                                    10        1368  1116 

LOMA                                   20        1223  906 

50         932  694 

80         590  362 

90         504  308 


562 

530 

599 

982 

981 

1039 

839 

830 

894 

625 

491 

613 

160 

184 

237 

100 

109 

159 

477  834  1091  1250  1168  1030  970  844 

911  1495  1690  2840  2011  1855  1820  1509 

705  1298  1547  1873  1841  1563  1339  1238 

399  708  1088  935  1079  1012  782  780 

198  363  509  464  596  472  426  380 

123  234  384  234  228  366  287  253 


MISSOURI 

29  Average 

6678 

6772 

6557 

6137 

6605 

8053 

9185 

13147  14748 

8466 

5791 

5894 

8170 

RIVER  AT 

10 

8471 

8642 

8404 

8229 

9055 

11549 

13015 

18994  21943 

13944 

8422 

8585 

11605 

VIRGELLE 

20 

8034 

7931 

7741 

7966 

8140 

10380 

11734 

17325 

18929 

12074 

7271 

7287 

10401 

50 

6609 

6742 

6729 

6062 

6543 

8165 

8968 

12577  13252 

7323 

5399 

5162 

7794 

80 

5363 

5610 

5382 

4265 

4451 

5025 

6521 

8930 

8145 

4414 

3879 

4356 

5528 

90 

4310 

4712 

4008 

3716 

4228 

4535 

4890 

7340 

6192 

3986 

3683 

4127 

4644 

MOUTH 

30  Average 

380 

393 

391 

412 

478 

514 

502 

538 

583 

549 

440 

409 

466 

OF  JUDITH 

10 

574 

598 

602 

639 

705 

752 

835 

812 

914 

799 

712 

657 

717 

RIVER 

20 

540 

567 

584 

591 

637 

704 

719 

740 

763 

717 

664 

623 

654 

50 

313 

331 

276 

365 

510 

536 

451 

528 

557 

520 

372 

268 

419 

80 

238 

242 

241 

243 

245 

299 

292 

302 

294 

308 

238 

238 

265 

90 

235 

241 

239 

241 

241 

244 

257 

252 

264 

266 

226 

236 

245 

MISSOURI 

31  Average  7132 

7320 

7003 

6529 

7150 

9308 

10297 

14168 

16611 

9583 

6308 

6379 

8982 

RIVER  NEAR 

10 

8826 

8825 

8709 

9164 

10042 

13577 

15240  21918  25479 

15545 

9097 

9202 

12969 

LANDUSKY 

20 

8663 

8372 

8558 

8211 

9351 

11672 

13498 

17980  20582 

13371 

7952 

7923 

11345 

50 

7045 

7296 

7169 

6460 

7171 

9069 

9669 

13826 

15554 

8313 

5875 

5639 

8591 

80 

5757 

6253 

5681 

4545 

4762 

5735 

7220 

9440 

8989 

4972 

4100 

4799 

6021 

90 

4525 

5411 

4118 

3997 

4411 

5251 

5511 

7917 

6781 

4323 

3907 

4368 

5043 

MUSSELSHELL 

32  Average 

74 

90 

76 

81 

203 

518 

349 

596 

939 

314 

107 

112 

288 

RIVER  AT 

10 

159 

162 

162 

168 

449 

1009 

937 

1542 

2537 

924 

269 

279 

716 

MOSBY 

20 

107 

133 

127 

119 

225 

620 

540 

859 

1623 

452 

194 

159 

430 

50 

59 

67 

59 

64 

107 

272 

181 

304 

572 

125 

75 

66 

163 

80 

4 

18 

17 

18 

36 

110 

60 

80 

121 

32 

13 

14 

44 

90 

0 

0 

0 

0 

12 

49 

46 

17 

46 

2 

0 

0 

14 
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Baseline  conditions  (continued) 

MODEL 

% 

NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

BIG  DRY                 33 

Average 

5 

3 

2 

3 

56 

317 

90 

32 

80 

54 

19 

17 

56 

CREEK  NEAR 

10 

11 

6 

4 

3 

206 

1042 

79 

90 

264 

122 

29 

13 

156 

MOUTH 

20 

5 

4 

2 

1 

64 

625 

47 

21 

124 

46 

13 

5 

80 

50 

2 

2 

1 

0 

3 

84 

11 

8 

25 

8 

3 

2 

12 

80 

0 

1 

0 

0 

0 

9 

4 

3 

3 

1 

1 

0 

2 

90 

0 

0 

0 

0 

0 

4 

3 

1 

2 

1 

0 

0 

1 

MISSOURI             34 

Average 

7132 

6759 

6204 

6298 

7910 

13330 

12039 

14835 

17984 

10200 

6582 

6670 

9662 

RIVER  INFLOWS 

10 

9758 

9392 

8189 

9125 

11672  20162 

18200  22107  28932 

17384 

10218 

10269 

14617 

TO  FORT  PECK 

20 

8554 

8446 

7481 

8314 

10345 

15343 

14615 

19184  22557 

13171 

8459 

8390 

12072 

RESERVOIR 

50 

6991 

6391 

6009 

6122 

7433 

11503 

10268 

13742 

16958 

8893 

6204 

5783 

8858 

80   5315  4871  4405  4401  5155  6410  7202  9082  10558  5390  3979  4406  5931 
90   4312  3795  3947  3559  4009  5489  5722  6458  7380  4612  3435  4140  4738 


FORT  PECK 
RESERVOIR 
OUTFLOWS  TO 
MISSOURI  RIVER 


35  Average  8196  9375  11873  8090  8008  6014  5569  5895  7252  11237  10145  9506  8430 

10  10617  12232  15001  14205  13642  9669  8831  9535  12273  14005  12246  11940  12016 

20   9889  11378  14852  12553  12389  8828  8055  8686  11118  13183  11705  11073  11142 

50   8115  9295  12067  7165  7048  5007  4535  4829  5872  11213  9928  9396  7873 

80   6410  7293  9390  3582  3495  2928  3026  2928  3026  9251  8159  7631  5593 

90   5635  6384  8174  2928  3242  2928  3026  2928  3026  8254  7260  6926  5059 


CONSUMPTIVE  USE  ALTERNATIVE 


MODEL   % 
NODE  FLOW   OCT   NOV   DEC   JAN   FEB   MAR   APR   MAY 


JUN   JUL   AUG   SEP   AVG 


BIG  HOLE 

1      Average 

518 

505 

395 

349 

365 

462 

1537 

3499 

4228 

1435 

456 

367 

1176 

RIVER  NEAR 

10 

797 

684 

526 

456 

482 

706 

2428 

5534 

6588 

2448 

774 

593 

1835 

MELROSE 

20 

673 

617 

457 

420 

415 

530 

2068 

4549 

5903 

2024 

668 

514 

1570 

50 

469 

474 

355 

347 

341 

399 

1300 

3156 

4072 

1409 

450 

324 

1092 

80 

333 

360 

287 

254 

289 

337 

890 

2002 

2497 

666 

204 

207 

694 

90 

269 

318 

269 

215 

249 

312 

666 

1870 

1272 

368 

47 

135 

499 

BEAVERHEAD 

2     Average 

261 

285 

250 

206 

207 

227 

273 

398 

581 

456 

424 

305 

323 

RIVER 

10 

456 

473 

385 

308 

298 

349 

487 

719 

980 

768 

775 

508 

542 

ABOVE  DILLON 

20 

380 

393 

332 

250 

268 

308 

393 

650 

841 

716 

651 

424 

467 

50 

217 

280 

245 

206 

209 

215 

214 

345 

537 

497 

390 

243 

300 

80 

109 

130 

139 

112 

115 

125 

140 

134 

211 

168 

120 

128 

136 

90 

87 

96 

94 

84 

99 

102 

96 

86 

123 

15 

17 

70 

81 

BEAVERHEAD 

3      Average 

421 

571 

511 

422 

444 

495 

494 

306 

447 

392 

312 

401 

435 

RIVER  NEAR 

10 

728 

792 

678 

560 

560 

626 

820 

611 

915 

726 

548 

640 

684 

TWIN 

20 

590 

676 

602 

498 

507 

562 

641 

505 

676 

642 

475 

568 

579 

BRIDGES 

50 

410 

559 

496 

416 

437 

494 

447 

206 

348 

386 

308 

386 

408 

80 

156 

423 

395 

325 

363 

377 

311 

100 

72 

41 

61 

128 

229 

90 

106 

347 

338 

263 

325 

348 

263 

51 

0 

0 

0 

91 

178 

MOUTH  OF 

4     Average 

238 

231 

179 

144 

135 

165 

198 

227 

304 

120 

68 

224 

186 

RUBY  RIVER 

10 

301 

295 

238 

180 

168 

226 

331 

405 

609 

330 

195 

305 

299 

20 

289 

275 

209 

166 

148 

209 

283 

352 

530 

223 

134 

283 

258 

50 

242 

232 

167 

138 

130 

149 

176 

208 

236 

89 

40 

221 

169 

80 

180 

186 

153 

121 

115 

116 

102 

89 

50 

0 

0 

168 

107 

90 

152 

165 

147 

118 

109 

109 

92 

40 

0 

0 

0 

154 

90 

c-u 


Consumptive  use  alternative  (continued) 
MODEL       %     > 
NODE     FLOW      OCT      NOV 


DEC      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP      AVG 


JEFFERSON 

5 

Avera 

RIVER  NEAR 

10 

TWIN  BRIDGES 

20 
50 
80 

,     -V 

90 

JEFFERSON 

6 

Avera 

RIVER  NEAR 

10 

THREE  FORKS 

20 

Average  1283  1468  1242  1062  1101  1229  2325  3863  5201  1901  730  990  1866 

1869  1875  1518  1306  1328  1634  3333  6269  8071  3436  1336  1468  2787 

1622  1724  1395  1205  1235  1422  3034  5137  7176  2775  1079  1277  2423 

1270  1420  1210  1053  1071  1164  2030  3466  5108  1809  739  931  1773 

871  1203  1044  904  930  1010  1506  2311  2862  723  201  657  1185 

723  1086  977  804  845  921  1326  2020  1631  274  0  461  922 

Average  1791  1896  1461  1320  1349  1649  2568  4331  6299  1690  612  1243  2184 

2599  2382  1934  1622  1847  2026  3498  6912  10567  3348  1451  1907  3341 

2233  2175  1715  1517  1566  1887  3136  6017  9288  2419  946  1586  2874 

50       1807  1895  1457  1335  1340  1639  2611  3964  6103  1595  519  1147  2118 

80       1148  1521  1138  1088  1035  1396  1689  2241  2828  255  0  829  1264 

90         968  1371  991  981  832  1318  1448  1812  1983  0  0  572  1023 


GALLATIN 
RIVER  NEAR 
LOGAN 


7  Average  750 
10 
20 
50 
80 
90 


814  746  680  709  820  1072  2082  3048  1375 
1119     1097  928  862  855  1001  1427  3170  4732  2079 

992       992  864  799  809  926  1291  2686  4260  1859 

815  764  690  720  810  996  2092  3062  1288 
661  611  568  579  706  798  1233  1669  848 
459  508  480  497  619  703  1043  1299  636 


814 
490 
341 


672 

637 

1117 

967 

977 

1601 

867 

848 

1433 

616 

632 

1108 

464 

450 

756 

366 

222 

598 

MADISON 
RIVER  INFLOWS 
TO  HEBGEN 
RESERVOIR 


8      Average    863  880  799  776 

10        1060  1094  1012  917 

20         949  956  925  894 

50         808  786  791  758 

80         696  655  646  665 

90         634  609  585  611 


758  754  929  1666  1926  993  804  826  998 

899  945  1223  2278  3118  1467  1079  1115  1351 

846  862  1052  2021  2533  1325  1007  960  1194 

772  754  881  1594  1814  938  758  762  952 

663  629  756  1241  1189  700  626  640  759 

600  583  716  1133  1002  616  579  590  688 


HEBGEN  LAKE       9      Average  1462  1405  872  782 

OUTFLOWS  TO                  10        1955  1815  1106  923 

MADISON  RIVER                20        1688  1596  990  898 

50       1308  1290  853  762 

80       1204  1098  700  672 

90        1175  1044  638  611 


705  815  991  1053  1193  973  883  1102  1020 

837  1046  1373  1594  1684  1366  1273  1511  1374 

780  923  1138  1265  1389  1233  1226  1437  1214 

712  796  963  1037  1100  1023  851  998  974 

611  684  811  715  968  642  536  780  785 

564  565  710  703  913  413  472  735  712 


MADISON  RIVER  10     Average  2016     2079     1412     1280     1240     1429     1561     2130    2797     1773     1381     1579     1723 


BELOW 
ENNIS  LAKE 


10  2778  2708  1713  1565  1486  1715  2075  2972  3842  2382  1772  2054  2255 

20  2374  2476  1631  1502  1438  1548  1781  2571  3638  1980  1763  2023  2060 

50  1877  1949  1381  1247  1270  1456  1600  1872  2606  1844  1408  1437  1662 

80  1712  1706  1208  1064  1063  1265  1328  1723  2098  1329  959  1261  1393 

90  1646  1557  1127  999  1020  1131  1107  1388  1659  931  791  1183  1211 


MADSION  RIVER  1 1     Average  2045     1897     1604     1313     1269     1432     1662     2200     2808     1578     1154     1482     1704 


NEAR 
THREE  FORKS 


10  2844  2446  2040  1577  1536  1731  2167  3025  4014  2429  1622  1935  2281 

20  2446  2023  1958  1549  1489  1548  1853  2602  3734  1847  1584  1880  2043 

50  1924  1794  1609  1302  1302  1451  1646  2006  2687  1620  1134  1381  1655 

80  1739  1590  1264  1102  1045  1262  1432  1752  1990  1127  645  1165  1343 

90  1676  1525  1176  1033  969  1078  1160  1636  1629  730  513  1103  1186 


MISSOURI 

12 

Avera 

RIVER  AT 

10 

TOSTON 

20 
50 
80 
90 

12     Average  4542  4771  3719  3264  3608  3968  5657     8676  11361  4376  2022  3186  4929 

5961  5900  4336  4032  4271  4787  7378  13160  17754  7777  3372  4681  6951 

5535  5493  4162  3709  3960  4615  6840  11214  16348  5963  2746  4139  6227 

4244  4503  3682  3248  3567  3911  5243     8321   11317  4056  1956  3077  4760 

3386  3946  3247  2750  3242  3369  4291     5364     6531  1820  1045  2209  3433 

3123  3749  3043  2572  2937  2958  3836     4771     5314  1468  601  1780  3013 


C-12 


Consumptive  use  alternative  (continued) 
MODEL       % 
NODE     FLOW      OCT      NOV 


DEC      JAN       FEB      MAR      APR      MAY      JUN       JUL      AUG       SEP      AVG 


MISSOURI  RIVER  13     Average  4668    4879    3745     3356    3704    4387    5752     8930  11331     4098     1743    3237    4986 


INFLOWS  TO 
CANYON  FERRY 
RESERVOIR 


10  6565  6139  4595  4205  4587  5432  7495  14142  18607  7263  3223  4823  7256 

20  5795  5662  4221  3914  4208  5014  7076  11774  16174  6458  2669  4433  6450 

50  4458  4699  3783  3392  3761  4303  5325  8317  11127  3567  1670  2995  4783 

80  3325  4143  3236  2727  3063  3725  4547  5562  5581  1406  600  2104  3335 

90  3224  3576  2549  2324  2448  3442  3712  4527  4571  802  208  1599  2748 


CANYON  FERRY  14  Average  4519  4603  4606  4127  4270  5310  5741  6141  5990  4611  3480  3654  4754 

10   5498  5630  5840  5814  5950  8146  8785  9429  9187  7231  5178  5233  6827 

20   5364  5461  5581  5317  5430  6754  7341  7939  7689  5882  4281  4508  5962 

50   4766  4764  4770  4020  3985  5223  5707  6197  5995  3845  2928  3026  4602 

80   2928  3602  3606  2928  3242  2928  3026  2928  3026  2928  2928  3026  3091 

90   2928  3026  2928  2928  3242  2928  3026  2928  3026  2928  2928  3026  2987 


RESERVOIR 
OUTFLOWS  TO 
MISSOURI  RIVER 


HAUSERLAKE   15  Average  4524  4575  4634  4183  4266  5334  5718  6072  5910  4505  3422  3664  4734 

10   5504  5647  5842  5853  5951  8089  8787  9374  9103  7066  5133  5208  6796 

20   5404  5443  5591  5315  5537  6759  7437  7897  7612  5789  4205  4477  5955 

50   4710  4723  4863  4011  4109  5320  5756  6134  5947  3599  2908  3136  4601 

80   3112  3595  3609  2984  3234  3022  3213  3074  3056  2797  2803  2965  3122 

90   2932  2898  3015  2885  2967  2925  3011  2797  2899  2748  2736  2912  2894 


OUTFLOWS  TO 
MISSOURI  RIVER 


MISSOURI      16  Average  4542  4572  4649  4241  4317  5402  5777  6194  6105  4432  3368  3709  4776 

RIVER              10   5559  5638  5834  5920  6011  8025  8477  9471  9574  7395  4999  5327  6852 

INFLOWS  TO         20   5417  5452  5504  5382  5576  6781  7328  8263  8473  5621  4122  4550  6039 

HOLTERLAKE        50   4829  4767  4870  4078  3962  5326  5798  6123  5813  3479  2878  3175  4592 

80   3190  3570  3637  3021  3299  3266  3791  3444  3768  2691  2687  2959  3277 

90   2973  2864  3040  2838  2811  2895  2952  2834  2798  2613  2550  2904  2839 

HOLTERLAKE   17  Average  4512  4573  4737  4331  4402  5386  5719  6049  6018  4469  3406  3714  4776 

OUTFLOWS         10   5587  5732  5799  5975  6159  7682  8759  9488  9505  7501  5066  5276  6877 

TO  MISSOURI        20   5427  5443  5549  5524  5587  6947  7225  8299  8297  5583  4123  4526  6044 

RIVER             50   4680  4807  4962  4095  4263  5318  5564  5762  5715  3521  2967  3286  4578 

80   3244  3651  3659  3039  3312  3270  3835  3258  3526  2849  2718  2934  3275 

90   2885  2801  3148  2814  3002  2779  3048  2610  2934  2641  2518  2739  2827 


SMITH  RIVER 

1 8  Average 

173 

153 

124 

97 

140 

170 

414 

974 

983 

384 

123 

130 

322 

NEAR 

10 

330 

260 

241 

151 

243 

265 

699 

1755 

2229 

866 

264 

249 

629 

EDEN 

20 

237 

186 

168 

137 

173 

228 

566 

1480 

1199 

611 

181 

161 

444 

50 

140 

130 

105 

93 

125 

156 

339 

792 

786 

283 

109 

101 

263 

80 

111 

102 

63 

58 

80 

102 

210 

487 

425 

110 

34 

55 

153 

90 

88 

87 

23 

38 

63 

83 

179 

343 

289 

36 

2 

43 

106 

MISSOURI 

1 9  Average 

5030 

5122 

5248 

4912 

4990 

6128 

6954 

8795 

8878 

5512 

3662 

4032 

5772 

RIVER  NEAR 

10 

6513 

6609 

6550 

6445 

7067 

8679 

10163 

12770 

13484 

9338 

5638 

5971 

8269 

ULM 

20 

6091 

5954 

6043 

6169 

6206 

7766 

8863 

11431 

11486 

7209 

4588 

4903 

7226 

50 

5036 

5151 

5328 

4860 

4805 

6347 

6734 

8565 

8295 

4494 

3211 

3543 

5531 

80 

3703 

4029 

4192 

3622 

3578 

3618 

4708 

5979 

5161 

3050 

2664 

3107 

3951 

90 

3248 

3381 

3536 

3419 

3265 

3408 

3466 

4585 

4455 

2758 

^530 

2901 

3413 

MUDDY 

20  Average 

110 

62 

45 

34 

38 

57 

42 

139 

237 

253 

286 

177 

123 

CREEK 

10 

145 

73 

57 

49 

58 

100 

57 

210 

342 

359 

384 

248 

174 

AT 

20 

131 

71 

52 

43 

49 

68 

47 

169 

286 

336 

360 

223 

153 

VAUGHN 

50 

109 

63 

43 

34 

35 

39 

35 

127 

222 

246 

300 

182 

120 

80 

86 

50 

35 

25 

27 

32 

30 

96 

170 

165 

205 

125 

87 

90 

77 

48 

30 

21 

22 

29 

28 

66 

150 

134 

167 

102 

Tc 

C-13 


Consumptive  use  alternative  (continued) 
MODEL       %      * 
NODE     FLOW      OCT      NOV 


DEC      JAN       FEB      MAR      APR      MAY      JUN       JUL      AUG       SEP      AVG 


SUN  RIVER 

NEAR 

VAUGHN 


21  Average  384   329 
10    503   451 


20 
50 
80 
90 


445 
362 
282 
234 


385 
299 
244 
203 


289  249  264  332  453  1559  2549  566  462  423  655 

433  342  388  662  920  2881  5020  1322  679  576  1181 

341  305  331  438  688  2396  3421  1015  623  532  910 

259  240  237  272  308  1468  1914  345  447  412  547 

199  171  187  200  183  522  963  137  265  288  303 

181  131  148  159  152  307  687  0  158  239  217 


MISSOURI 
RIVER  AT 
BLACK  EAGLE 
DAM 


22  Average  5609  5436  5346  4994  5253  6562  7491  10324  10979  6107  4226  4503  6402 

10   7103  7237  6798  6990  7283  9384  10598  15728  17083  10098  6403  6260  9247 

20   6686  6576  6379  6525  6678  8436  9396  13030  13791  8482  5314  5754  8087 

50   5723  5435  5474  4872  4991  6508  7307  9911  10062  5010  3697  3999  6082 

80   4375  4301  4306  3568  3710  3932  5236  6625  6346  3246  3124  3478  4354 

90   3585  3458  3477  3207  3289  3637  3909  5727  4776  2925  2760  3237  3665 


MISSOURI 
RIVER  BELOW 
MORONY 
DAM 


23  Average  5959  5786  5696  5344  5603  6912  7841  10674  11329  6457  4576  4853  6752 

10   7453  7587  7148  7340  7633  9734  10948  16078  17433  10448  6753  6610  9597 

20   7036  6926  6729  6875  7028  8786  9746  13380  14141  8832  5664  6104  8437 

50   6073  5785  5824  5222  5341  6858  7657  10261  10412  5360  4047  4349  6432 

80   4725  4651  4655  3918  4060  4282  5586  6975  6696  3595  3474  3828  4704 

90   3935  3808  3827  3557  3639  3987  4259  6077  5126  3275  3110  3587  4015 


MISSOURI      24  Average  5815  5800  5745  5424  5716  7018  8049  11347  12266  6555  4497  4865  6925 

RIVER  AT  10   7423  7645  7267  7486  7736  9986  11221  17449  19868  10818  6723  6873  10041 

FORT  BENTON        20   7092  6815  6902  7011  7380  9349  10135  14487  15590  8658  5510  6011  8745 

50   5649  5769  5785  5373  5398  7057  7850  10889  11285  5343  4013  4356  6564 

80   4316  4645  4661  3902  4096  4356  5705  7377  6979  3508  3367  3758  4723 

90   3710  3785  3808  3551  3676  4002  4286  6213  5320  3210  2975  3512  4004 


TETON  RIVER   25  Average  51  231  170  140  205  509  478  847  1259  349 

NEAR              10  231  707  411  310  549  1208  1150  2163  2376  1207 

LOMA              20  53  207  252  230  322  677  839  1695  1613  548 

50  0  0  100  64  111  336  303  383  767  0 

80  0  0  0  0  0  111  0  0  0  0 

90  00000  32  0000 

MARIAS  RIVER     26     Average  357  355  282  249  354  743  1128  2615  3135  994 


87 


69       366 


INFLOWS 
TO  TIBER 
RESERVOIR 


10  683  606  581  450  720  1514  2014  3851  5957  1936 

20  487  465  380  319  423  962  1415  3554  4038  1376 

50  278  292  221  221  259  468  1058  2405  2472  830 

80  147  177  143  127  158  310  498  1804  1430  382 

90  119  153  123  105  108  254  440  1306  1206  118 


208 

192 

893 

3 

73 

543 

0 

0 

172 

0 

0 

9 

0 

0 

3 

334 

272 

902 

650 

573 

1628 

482 

450 

1196 

304 

204 

751 

74 

72 

443 

0 

0 

328 

TIBER                    27     Average    962  767  766  766  768 

RESERVOIR                        10        1523  1218  1218  1218  1218 

OUTFLOWS                        20        1281  1025  1025  1025  1025 

TO  MARIAS                         50         957  765  765  765  765 

RIVER                                  80         574  459  459  459  459 

90         422  338  338  338  338 


553  705  812  909  1211  1211  1212  887 

838  1119  1447  1617  2014  2014  2014  1455 

655  933  1030  1102  1560  1560  1560  1148 

455  481  472  471  1124  1124  1124  772 

455  471  455  471  737  737  737  539 

455  471  455  471  500  500  500  427 


MARIAS  RIVER     28    Average  942 
NEAR                                  10 
LOMA                                 20 

50  934 

80  586 

90  503 


680 
1371  1117 
1224  906 
694 
361 
307 


562  530  600  475  831  1055  1138  916  854  891  789 

982  981  1040  908  1495  1654  2736  1818  1712  1781  1466 

840  831  895  702  1294  1501  1701  1570  1390  1231  1174 

625  492  613  399  703  1064  806  785  785  698  717 

159  184  236  198  357  504  252  310  294  351  316 

99  108  158  123  232  340  47  0  169  186  189 
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Consumptive  use  alternative  (continued) 
MODEL       % 
NODE     FLOW      OCT 


NOV      DEC      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP      AVG 


MISSOURI              29     Average  6579  6710  6476  6094  6520  8003     9127  12981   14301     7326  5035  5524     7890 

RIVERAT                             10       8478  8658  8392  8163  9084  11508  12895  18892  21442  12433  7711  8178  11319 

VIRGELLE                            20       8039  7908  7745  7940  8092  10185  11669  17199  18379  10510  6590  6760  10085 

50       6478  6715  6656  6036  6395  8094    8902  12416  12772    5926  4628  4875    7491 

80       4715  5421  5221  4268  4380  5017     6522     8716     7640     3359  3312  3988     5213 

90       4245  4715  3901  3718  3936  4536     4890     7169     5560     3135  2799  3786     4366 


MOUTH       30 

Average 

384 

393 

391 

412 

478 

514 

502 

534 

559 

470 

374 

395 

451 

OF  JUDITH 

10 

577 

599 

602 

639 

705 

752 

835 

804 

902 

726 

648 

647 

703 

RIVER 

20 

544 

568 

584 

591 

637 

704 

719 

740 

741 

640 

595 

618 

640 

50 

317 

331 

276 

365 

510 

536 

451 

528 

550 

445 

325 

265 

408 

80 

241 

243 

241 

243 

245 

299 

292 

293 

267 

226 

168 

218 

248 

90 

238 

242 

239 

241 

241 

244 

257 

244 

232 

182 

151 

213 

227 

MISSOURI     31 

Average 

7035 

7259 

6922 

6486 

7065 

9259 

10239 

13997  16138 

8360 

5483 

5994 

8686 

RIVER  NEAR 

10 

8819 

8837 

8716 

9124 

10016 

13489 

15153  21616  24975 

13879 

8322 

8817 

12647 

LANDUSKY 

20 

8663 

8377 

8393 

8147 

9325 

11554 

13381 

17862  20202 

11988 

7024 

7581 

11042 

50 

6901 

7303 

7154 

6418 

7092 

9021 

9595 

13707 

14850 

6944 

5137 

5367 

8291 

80 

5204 

6065 

5516 

4548 

4712 

5736 

7158 

9179 

8448 

3784 

3456 

4368 

5681 

90 

4530 

5223 

4120 

3915 

4318 

5139 

5511 

7742 

5973 

3288 

3097 

3865 

4727 

MUSSELSHELL  32 

Average 

74 

90 

76 

81 

203 

518 

349 

596 

939 

314 

107 

112 

288 

RIVER  AT 

10 

159 

162 

162 

168 

449 

1009 

937 

1542 

2537 

924 

269 

279 

716 

MOSBY 

20 

107 

133 

127 

119 

225 

620 

540 

859 

1623 

452 

194 

159 

430 

50 

59 

67 

59 

64 

107 

272 

181 

304 

572 

125 

75 

66 

163 

80 

4 

18 

17 

18 

36 

110 

60 

80 

121 

32 

13 

14 

44 

90 

0 

0 

0 

0 

12 

49 

46 

17 

46 

2 

0 

0 

14 

BIG  DRY       33 

Average 

5 

3 

2 

3 

56 

317 

90 

32 

80 

54 

19 

17 

56 

CREEK 

10 

11 

6 

4 

3 

206 

1042 

79 

90 

264 

122 

29 

13 

156 

NEAR  MOUTH 

20 

5 

4 

2 

1 

64 

625 

47 

21 

124 

46 

13 

5 

80 

50 

2 

2 

1 

0 

3 

84 

11 

8 

25 

8 

3 

2 

12 

80 

0 

1 

0 

0 

0 

9 

4 

3 

3 

1 

1 

0 

2 

90 

0 

0 

0 

0 

0 

4 

3 

1 

2 

1 

0 

0 

1 

MISSOURI     34 

Average 

7035 

6698 

6124 

6255 

7825 

13281 

11982 

14664  17511 

8976 

5757 

6285 

9366 

RIVER  INFLOWS 

10 

9761 

9385 

8197 

9135 

11714  20133 

18103  21990  28426 

16091 

9300 

9755 

14332 

TO  FORT  PECK 

20 

8630 

8476 

7484 

8277 

10293 

15249 

14565 

18990  22184 

11973 

7483 

7846 

11788 

RESERVOIR 

50 

6966 

6305 

6059 

6019 

7394 

11485 

10196 

13520 

16312 

7580 

5263 

5363 

8539 

80 

5139 

4874 

4171 

4350 

5091 

6409 

7183 

9022 

10029 

4355 

3269 

4137 

5669 

90 

4309 

3655 

3802 

3562 

3954 

5478 

5711 

6373 

6597 

3530 

2546 

3632 

4429 

FORT  PECK    35 

Average 

7924 

9057 

11500 

7841 

7757 

5829 

5407 

5710 

6999 

10892 

9802 

9145 

8155 

RESERVOIR 

10 

10382 

11956 

15001 

14055 

13526 

9476 

8653 

9340 

12008 

13716 

12100 

11660 

11823 

OUTFLOWS  TO 

20 

9587 

11023 

14378 

12186 

12026 

8568 

7816 

8423 

10761 

12857 

11411 

10764 

10816 

MISSOURI  RIVER 

50 

7833 

8964 

11624 

6783 

6668 

4736 

4285 

4555 

5499 

10896 

9642 

9085 

7548 

80       6128     6962     8947     3158     3242     2928     3026     2928     3026     9014     7945     7389     5391 
90       5295     5984     7639     2928     3242     2928     3026     2928     3026     7907     6947     6604     4871 
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COMBINATION  ALTERNATIVE 


MODEL       % 

NODE     FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

BIG  HOLE 

1     Average 

518 

505 

395 

349 

365 

462 

1537 

3499 

4228 

1435 

450 

367 

1176 

RIVER  NEAR 

10 

797 

684 

526 

456 

482 

706 

2428 

5534 

6588 

2448 

774 

593 

1835 

MELROSE 

20 

673 

617 

457 

420 

415 

530 

2068 

4549 

5903 

2024 

668 

514 

1570 

50 

469 

474 

355 

347 

341 

399 

1300 

3156 

4072 

1409 

450 

324 

1092 

80 

333 

360 

287 

254 

289 

337 

890 

2002 

2497 

666 

204 

207 

694 

90 

269 

318 

269 

215 

249 

312 

666 

1870 

1272 

368 

47 

135 

499 

BEAVERHEAD 

2     Average 

261 

285 

250 

206 

207 

227 

273 

398 

581 

456 

424 

305 

323 

RIVER 

10 

456 

473 

385 

308 

298 

349 

487 

719 

980 

768 

775 

508 

542 

ABOVE  DILLON 

20 

380 

393 

332 

250 

268 

308 

393 

650 

841 

716 

651 

424 

467 

50 

217 

280 

245 

206 

209 

215 

214 

345 

537 

497 

390 

243 

300 

80 

109 

130 

139 

112 

115 

125 

140 

134 

211 

168 

120 

128 

136 

90 

87 

96 

94 

84 

99 

102 

96 

86 

123 

15 

17 

70 

81 

BEAVERHEAD 

3     Average 

421 

571 

511 

422 

444 

495 

494 

306 

447 

392 

312 

401 

435 

RIVER  NEAR 

10 

728 

792 

678 

560 

560 

626 

820 

611 

915 

726 

548 

640 

684 

TWIN 

20 

590 

676 

602 

498 

507 

562 

641 

505 

676 

642 

475 

568 

579 

BRIDGES 

50 

410 

559 

496 

416 

437 

494 

447 

206 

348 

386 

308 

386 

408 

80 

156 

423 

395 

325 

363 

377 

311 

100 

72 

41 

61 

128 

229 

90 

106 

347 

338 

263 

325 

348 

263 

51 

0 

0 

0 

91 

178 

MOUTH  OF 

4     Average 

238 

231 

179 

144 

135 

165 

198 

227 

304 

120 

68 

224 

186 

RUBY  RIVER 

10 

301 

295 

238 

180 

168 

226 

331 

405 

609 

330 

195 

305 

299 

20 

289 

275 

209 

166 

148 

209 

283 

352 

530 

223 

134 

283 

258 

50 

242 

232 

167 

138 

130 

149 

176 

208 

236 

89 

40 

221 

169 

80 

180 

186 

153 

121 

115 

116 

102 

89 

50 

0 

0 

168 

107 

90 

152 

165 

147 

118 

109 

109 

92 

40 

0 

0 

0 

154 

90 

JEFFERSON 

5      Average 

1283 

1468 

1242 

1062 

1101 

1229 

2325 

3863 

5201 

1901 

730 

990 

1866 

RIVER  NEAR 

10 

1869 

1875 

1518 

1306 

1328 

1634 

3333 

6269 

8071 

3436 

1336 

1468 

2787 

TWIN  BRIDGES 

20 

1622 

1724 

1395 

1205 

1235 

1422 

3034 

5137 

7176 

2775 

1079 

1277 

2423 

50 

1270 

1420 

1210 

1053 

1071 

1164 

2030 

3466 

5108 

1809 

739 

931 

1773 

80 

871 

1203 

1044 

904 

930 

1010 

1506 

2311 

2862 

723 

201 

657 

1185 

90 

723 

1086 

977 

804 

845 

921 

1326 

2020 

1631 

274 

0 

461 

922 

JEFFERSON           6      Average  1790  1895  1460  1319  1348  1649  2568  4332     6374  1861       752     1274    2218 

RIVER  NEAR                      10       2598  2381  1933  1622  1846  2025  3498  6911   10670  3535     1638     1918    3381 

THREE  FORKS                  20       2232  2174  1714  1516  1565  1886  3135  6017    9413  2619     1113     1630    2918 

50        1806  1894  1456  1334  1339  1638  2611  3969     6163  1719 

80        1147  1520  1138  1087  1034  1396  1688  2242     2894  461 

90         967  1370  990  980  831  1317  1447  1811     2094  187 


GALLATIN               7 

Average 

749 

814 

746 

RIVER  NEAR 

10 

1118 

1097 

927 

LOGAN 

20 

992 

992 

864 

50 

813 

814 

763 

80 

490 

660 

611 

90 

341 

459 

508 

MADISON               8 

Average 

863 

880 

799 

RIVER  INFLOWS 

10 

1060 

1094 

1012 

TO  HEBGEN 

20 

949 

956 

925 

RESERVOIR 

50 

808 

786 

791 

80 

696 

655 

646 

90 

634 

609 

585 

680 
862 
799 
689 
567 
480 

776 
917 
894 
758 
665 
611 


675 

1187 

2149 

119 

859 

1299 

0 

586 

1048 

679 

637 

1118 

976 

977 

1602 

875 

849 

1434 

624 

631 

1109 

471 

450 

758 

709  820  1072  2082  3049  1381 

854  1001  1427  3170  4732  2085 

809  926  1291  2686  4261  1865 

719  810  996  2092  3063  1295 

579  706  798  1233  1670  856 

496  619  703  1043  1300  642       373       221       599 

758  754  929  1666  1926  993       804       826       998 

899  945  1223  2278  3118  1467     1079     1115     1351 

846  862  1052  2021  2533  1325     1007 

772  754  881  1594  1814  938       758 

663  629  756  1241  1189  700       626 

600  583  716  1133  1002  616       579 


960 

1194 

762 

952 

640 

759 

590 

688 
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Combination  alternative  (continued) 
MODEL       % 
NODE     FLOW       OCT 


NOV      DEC      JAN       FEB      MAR      APR      MAY      JUN       JUL      AUG       SEP      AVG 


HEBGEN 
RESERVOIR 
OUTFLOWS  TO 
MADISON  RIVER 


9   Average  1462  1405   872   782   705   815   991  1053  1193   973   883  1102  1020 


10  1955  1815  1106  923 

20  1688  1596  990  898 

50  1308  1290  853  762 

80  1204  1098  700  672 

90  1175  1044  638  611 


837  1046  1373  1594  1684  1366  1273  1511  1374 

780  923  1138  1265  1389  1233  1226  1437  1214 

712  796  963  1037  1100  1023  851  998  974 

611  684  811  715  968  642  536  780  785 

564  565  710  703  913  413  472  735  712 


MADISON  RIVER  10  Average  2016  2079  1412  1280  1240  1429  1561  2130  2797  1773  1381  1579  1723 


BELOW 
ENNIS  LAKE 


10  2778  2708  1713  1565  1486  1715  2075  2972  3842  2382  1772  2054  2255 

20  2374  2476  1631  1502  1438  1548  1781  2571  3638  1980  1763  2023  2060 

50  1877  1949  1381  1247  1270  1456  1600  1872  2606  1844  1408  1437  1662 

80  1712  1706  1208  1064  1063  1265  1328  1723  2098  1329  959  1261  1393 

90  1646  1557  1127  999  1020  1131  1107  1388  1659  931  791  1183  1211 


MADSION  RIVER  1 1  Average  2045  1897  1604  1313  1269  1432  1662  2200  2808  1578  1154  1482  1704 

NEAR              10   2844  2446  2040  1577  1536  1731  2167  3025  4014  2429  1622  1935  2281 

THREE  FORKS        20   2446  2023  1958  1549  1489  1548  1853  2602  3734  1847  1584  1880  2043 

50   1924  1794  1609  1302  1302  1451  1646  2006  2687  1620  1134  1381  1655 

80   1739  1590  1264  1102  1045  1262  1432  1752  1990  1127  645  1165  1343 

90   1676  1525  1176  1033  969  1078  1160  1636  1629  730  513  1103  1186 

MISSOURI      12  Average  4540  4770  3718  3263  3607  3968  5656  8676  11437  4550  2169  3217  4964 

RIVER  AT           10   5959  5898  4335  4031  4271  4786  7377  13160  17788  7966  3569  4703  6987 

TOSTON            20   5533  5492  4161  3708  3959  4615  6840  11219  16476  6139  2907  4149  6267 

50   4242  4502  3681  3247  3567  3910  5242  8320  11402  4247  2126  3097  4799 

80   3384  3944  3246  2749  3241  3369  4290  5364  6576  1988  1165  2262  3465 

90   3121  3748  3042  2571  2936  2957  3836  4770  5430  1613  733  1822  3048 

MISSOURI  RIVER  13  Average  4666  4877  3743  3355  3703  4386  5752  8938  11474  4432  2004  3305  5053 

INFLOWS  TO         10   6562  6137  4593  4204  4586  5431  7494  14143  18709  7628  3526  4851  7322 

CANYON  FERRY      20   5793  5660  4219  3913  4206  5013  7076  11775  16246  6830  2955  4469  6513 

RESERVOIR         50   4459  4697  3781  3390  3760  4302  5324  8319  11274  3936  1874  3104  4852 

80   3323  4141  3234  2726  3062  3724  4546  5566  5812  1804  868  2232  3420 

90   3221  3574  2547  2323  2447  3441  3711  4542  4700  1158  507  1738  2826 


CANYON  FERRY  14  Average  4584  4642  4650  4159  4340  5338  5770  6176  6021  4816  3634  3733  4822 

5504  5625  5848  5868  5983  8162  8801  9447  9205  7595  5346  5359  6895 

5382  5464  5597  5346  5530  6789  7378  7980  7729  6202  4477  4608  6040 

4827  4826  4831  4058  4156  5265  5752  6244  6041  4150  2928  3026  4675 

3778  3777  3781  2928  3242  2928  3026  3082  3026  2928  2928  3026  3204 

2928  3026  2928  2928  3242  2928  3026  2928  3026  2928  2928  3026  2987 


RESERVOIR 

10 

OUTFLOWS  TO 

20 

MISSOURI  RIVER 

50 

80 

90 

HAUSERLAKE   15  Average  4589  4615  4678  4214  4337  5362  5747  6107  5941  4710  3576  3743  4802 

OUTFLOWS  TO       10   5509  5627  5850  5867  5984  8102  8815  9394  9133  7431  5301  5377  6866 

MISSOURI  RIVER      20   5416  5443  5589  5344  5605  6793  7350  7937  7651  6105  4415  4548  6016 

50   4773  4734  4863  4049  4203  5386  5785  6204  5993  3945  2922  3187  4670 

80   3705  3769  3783  2984  3234  3037  3213  3105  3056  2820  2812  2984  3209 

90   3057  2898  3028  2919  3145  2925  3011  2797  2899  2748  2787  2943  2930 


MISSOURI 

16 

Avera 

RIVER 

10 

INFLOWS  TO 

20 

HOLTER  LAKE 

50 
80 
90 

16  Average  4607  4611  4693  4273  4387  5430  5806  6228  6136  4638  3522  3788  4843 

5579  5644  5834  5943  6038  8044  8535  9509  9594  7769  5167  5508  6930 

5416  5451  5527  5411  5660  6814  7365  8350  8495  5949  4390  4594  6119 

4869  4813  4882  4099  4085  5369  5868  6153  5861  3785  2934  3322  4670 

3647  3752  3798  3021  3299  3348  3791  3492  3783  2725  2724  2976  3363 

3060  2889  3045  2876  3017  2895  2952  2834  2855  2613  2640  2911  2882 
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Combination  alternative  (continued) 
MODEL       % 
NODE     FLOW       OCT 


NOV      DEC       JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP      AVG 


HOLIER  LAKE 

17 

Avera 

OUTFLOWS 

10 

TO  MISSOURI 

20 

RIVER 

50 
80 
90 

SMITH  RIVER 

18 

Avera 

NEAR 

10 

EDEN 

20 

17     Average  4577  4612  4781  4363  4473  5414  5748  6084  6049  4675  3560  3793  4844 

5630  5731  5799  5989  6182  7745  8817  9523  9562  7875  5234  5444  6961 

5429  5441  5568  5549  5639  6996  7291  8321  8327  5911  4360  4654  6124 

4750  4816  4961  4161  4300  5337  5627  5798  5736  3790  3086  3370  4644 

3588  3760  3842  3048  3318  3270  3868  3363  3563  2855  2736  2978  3349 

2885  2801  3288  2814  3002  2779  3048  2610  2934  2693  2590  2772  2851 


330  260  242 

238  186  168 

50          141  130  106 

80          112  103  63 


90 


88 


87 


23 


97  140  170  414  975  987 

151  243  265  699  1755  2231 

137  173  228  566  1481  1204 

93  125  156  339  793  791 

58  80  102  210  487  430 

38  63  83  179  344  297 


396 

133 

135 

325 

876 

274 

253 

632 

623 

191 

166 

447 

292 

118 

104 

266 

120 

47 

59 

156 

49 

14 

49 

110 

MISSOURI 

1 9  Average 

5096 

5161 

5292 

4944 

5061 

6156 

6984 

8830 

8914 

5730 

3827 

4117 

5843 

RIVER  NEAR 

10 

6514 

6620 

6549 

6499 

7066 

8692 

10192 

12795 

13518 

9723 

5822 

6173 

8347 

ULM 

20 

6091 

5954 

6052 

6192 

6271 

7838 

8799 

11495 

11526 

7569 

4837 

5069 

7308 

50 

5095 

5203 

5349 

4884 

4840 

6392 

6806 

8636 

8320 

4744 

3295 

3570 

5594 

80 

3880 

4120 

4343 

3657 

3624 

3700 

4705 

6010 

5231 

3066 

2742 

3169 

4021 

90 

3305 

3382 

3537 

3419 

3301 

3408 

3466 

4586 

4461 

2866 

2600 

2942 

3439 

MUDDY 

20  Average 

110 

62 

45 

34 

38 

57 

42 

139 

237 

253 

286 

177 

123 

CREEK 

10 

145 

73 

57 

49 

58 

100 

57 

210 

342 

359 

384 

248 

174 

AT 

20 

131 

71 

52 

43 

49 

68 

47 

169 

286 

336 

360 

223 

153 

VAUGHN 

50 

109 

63 

43 

34 

35 

39 

35 

127 

222 

246 

300 

182 

120 

80 

86 

50 

35 

25 

27 

32 

30 

96 

170 

165 

205 

125 

87 

90 

77 

48 

30 

21 

22 

29 

28 

66 

150 

134 

167 

102 

73 

SUN  RIVER 

21  Average 

383 

329 

289 

249 

264 

332 

453 

1565 

2580 

625 

496 

430 

666 

NEAR 

10 

503 

451 

433 

342 

388 

662 

920 

2884 

5034 

1355 

703 

583 

1188 

VAUGHN 

20 

445 

385 

341 

305 

331 

438 

688 

2397 

3443 

1099 

654 

537 

922 

50 

362 

299 

259 

240 

237 

272 

308 

1478 

1936 

410 

480 

419 

558 

80 

282 

244 

1'99 

171 

187 

200 

184 

532 

1006 

215 

300 

301 

318 

90 

233 

203 

181 

131 

148 

159 

152 

316 

725 

20 

206 

238 

226 

MISSOURI      22  Average  5674  5475  5391  5026  5324  6590  7521  10365  11046  6384  4424  4595  6484 

RIVER  AT           10   7110  7236  6796  7043  7341  9454  10668  15763  17233  10545  6657  6470  9360 

BLACK  EAGLE        20   6685  6597  6388  6546  6715  8483  9327  13095  13864  8899  5570  5817  8165 

DAM               50   5779  5422  5533  4887  5035  6545  7373  9992  10123  5479  3786  4068  6169 

80   4409  4369  4474  3670  3758  3972  5233  6647  6453  3445  3169  3555  4429 

90   3700  3458  3477  3206  3357  3637  3909  5734  4827  3025  2914  3272  3710 

MISSOURI     23  Average  6024  5825  5740  5376  5674  6940  7871  10715  11396  6733  4774  4945  6834 

RIVER  BELOW        10   7460  7586  7146  7393  7691  9804  11018  16113  17583  10895  7006  6820  9710 

MORONY           20   7035  6946  6738  6896  7065  8833  9677  13445  14214  9248  5920  6167  8515 

DAM               50   6129  5772  5883  5237  5385  6895  7723  10342  10473  5829  4136  4418  6519 

80   4759  4718  4824  4020  4108  4322  5583  6997  6803  3794  3519  3905  4779 

90   4050  3808  3827  3556  3707  3987  4259  6084  5177  3375  3264  3622  4060 


MISSOURI      24  Average  5881  5839  5789  5456  5787  7046  8078  11388  12330  6828  4693  4956  7006 

RIVER  AT           10   7422  7645  7266  7487  7720  10013  11245  17481  20016  11323  6971  7096  10140 

FORT  BENTON        20   7091  6815  6901  7041  7433  9380  10125  14533  15672  9035  5871  6099  8833 

50   5659  5744  5828  5376  5565  7101  7906  10976  11314  5696  4132  4399  6641 

80   4633  4713  4836  3995  4112  4362  5702  7397  7073  3598  3407  3812  4803 

90   3826  3786  3808  3549  3682  4002  4286  6215  5399  3266  3167  3556  4045 
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Combination  alternative  (continued) 
MODEL       % 
NODE     FLOW      OCT      NOV 


DEC      JAN       FEB      UM\      APR      MAY       JUN       JUL      AUG       SEP      AVG 


TETON  RIVER       25     Average      51       230       169       140      205       509      478       850     1278      374 

NEAR 

LOMA 


10 
20 
50 
80 
90 


231 

54 

0 

0 

0 


706 

206 

0 

0 

.     0 


411 

252 

100 

0 

0 


310  549  1208  1149  2163  2382  1254 

230  322  677  839  1703  1629  606 

63  111  336  303  383  785  8 

0  0  111  0  0  37  0 

0  0  32  0  0  0  0 


94 
252 

15 
0 
0 
0 


73       371 


192 

94 

0 

0 

0 


901 

552 

174 

12 

3 


MARIAS  RIVER     26     Average    358      355      282      249      354      743     1128    2616    3139     1001       337      274      903 

INFLOWS 

TO  TIBER 

RESERVOIR 


10 
20 
50 
80 
90 


684  606 

487  465 

278  292 

147  177 

119  153 


581 
380 
221 
143 
123 


450 
319 
221 
127 
105 


720  1514  2014  3851  5959  1940 

423  962  1415  3554  4041  1383 

259  468  1058  2406  2476  836 

158  310  498  1804  1436  386 

108  254  440  1307  1212  126 


654 

487 

306 

79 

0 


575  1629 

453  1197 

207  752 

74  445 

0  329 


TIBER                     27     Average    962  767  766  766  768 

RESERVOIR                        10        1523  1218  1218  1218  1218 

OUTFLOWS                         20        1281  1025  1025  1025  1025 

TO  MARIAS                         50         957  765  765  765  765 

RIVER                                  80         575  460  460  460  460 

90         423  338  338  338  338 


553  706  813  910  1213  1213  1214  888 

838  1119  1449  1617  2017  2017  2017  1456 

656  934  1031  1103  1563  1563  1563  1149 

455  481  473  471  1126  1126  1126  773 

455  471  455  471  740  740  740  540 

455  471  455  471  504  504  504  428 


MARIAS  RIVER      28     Average    943       680      562      530      599      476       833     1082     1232     1108       987      948      832 


NEAR 
LOMA 


10  1371  1117  982  981  1040  909  1495  1673  2832  1967  1822  1808  1500 

20  1223  906  840  831  894  703  1295  1538  1836  1778  1534  1313  1224 

50  933  694  625  492  613  399  706  1082  908  1013  934  761  763 

80  590  361  160  184  236  198  360  504  408  533  434  401  364 

90  504  307  99  108  158  123  233  365  194  172  318  255  236 


MISSOURI             29     Average  6646  6749  6520  6126  6591     8031     9159  13078  14569     7999  5493  5727    8057 

RIVER  AT                             10       8478  8662  8401  8213  9120  11534  12965  18961  21708  13326  8143  8415  11494 

VIRGELLE                            20       8038  7928  7744  7960  8120  10285  11710  17274  18710  11450  6909  7078  10267 

50       6578  6733  6677  6044  6503    8138     8943  12510  13055     6768  5120  5017    7674 

80       5331  5549  5341  4268  4451     5017     6519  8851     7939     4014  3646  4182     5426 

90       4246  4715  3901  3717  4066     4536     4890  7280     5961     3644  3418  4021     4533 


MOUTH 
OF  JUDITH 
RIVER 


erage 

)  382 

393 

391 

412 

478 

514 

502 

537 

573 

516 

412 

403 

459 

10 

576 

599 

602 

639 

705 

752 

835 

809 

909 

768 

687 

649 

711 

20 

542 

568 

584 

591 

637 

704 

719 

740 

754 

690 

636 

621 

649 

50 

315 

331 

276 

365 

510 

536 

451 

528 

554 

490 

352 

266 

415 

80 

239 

243 

241 

243 

245 

299 

292 

297 

280 

269 

211 

232 

258 

90 

237 

241 

239 

241 

241 

244 

257 

248 

247 

228 

192 

226 

237 

MISSOURI  31     Average  7101  7297  6966  6517     7135    9287  10271   14097  1-6420     9080  5980  6206     8863 

RIVER  NEAR  10       8837  8832  8715  915110069  13545  15222  21798  25242  14885  8816  9020  12844 

LANDUSKY  20       8664  8376  8437  8188     9346  11624  13450  17931  20424  12737  7447  7810  11203 

50       6994  7318  7178  6442     7137     9052     9644  13800  15279     7800  5556  5502     8475 

80       5681  6145  5632  4548     4763    5736     7178     9336     8768     4428  3829  4617     5888 

90       4529  5399  4120  4000     4412    5231     5512     7855     6453     3924  3584  4095     4926 


MUSSELSHELL     32     Average      74 


90 


76 


81   203   518   349   596   939   314   107   112   288 


RIVER  AT 

10 

159 

162 

162 

168 

449 

1009 

937 

1542 

2537 

924 

269 

279 

716 

MOSBY 

20 

107 

133 

127 

119 

225 

620 

540 

859 

1623 

452 

194 

159 

430 

50 

59 

67 

59 

64 

107 

272 

181 

304 

572 

125 

75 

66 

163 

80 

4 

18 

17 

18 

36 

110 

60 

80 

121 

32 

13 

14 

44 

90 

0 

0 

0 

0 

12 

49 

46 

17 

46 

2 

0 

0 

14 
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Combination  alternative  (continued) 
MODEL       %     < 
NODE     FLOW      OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

BIG  DRY                33 

Average 

5 

3 

2 

3 

56 

317 

90 

32 

80 

54 

19 

17 

56 

CREEK 

10 

11 

6 

4 

3 

206 

1042 

79 

90 

264 

122 

29 

13 

156 

NEAR  MOUTH 

20 

5 

4 

2 

1 

64 

625 

47 

21 

124 

46 

13 

5 

80 

50 

2 

2 

1 

0 

3 

84 

11 

8 

25 

8 

3 

2 

12 

80 

0 

1 

0 

0 

0 

9 

4 

3 

3 

1 

1 

0 

2 

90 

0 

0 

0 

0 

0 

4 

3 

1 

2 

1 

0 

0 

1 

MISSOURI             34 

Average 

7101 

6736 

6167 

6286 

7895 

13309 

12013 

14765 

17793 

9696 

6253 

6497 

9543 

RIVER  INFLOWS 

10 

9763 

9391 

8194 

9185 

11769  20152 

18163  22069  28693 

16724 

9826 

9804 

14478 

TO  FORT  PECK 

20 

8647 

8491 

7484 

8302 

10316 

15312 

14591 

19117  22384 

12649 

8075 

8178 

11962 

RESERVOIR 

50 

6983 

6358 

6139 

6079 

7414 

11542 

10244 

13662 

16641 

8384 

5836 

5643 

8744 

80   5223  4872  4315  4402  5157  6401  7195  9061  10344  4935  3685  4224  5818 
90   4312  3742  3802  3562  3954  5490  5712  6420  7073  4062  3132  3877  4595 


FORT  PECK    35  Average  8086  9246  11724  7977  7893  5930  5496  5812  7139  11098  10009  9366  8315 

10  10509  12105  15001  14113  13513  9564  8734  9429  12129  13890  12300  11828  11926 

20   9768  11236  14662  12404  12241  8722  7958  8579  10973  13045  11581  10931  11008 

50   8017  9180  11913  6987  6871  4881  4418  4702  5699  11080  9809  9278  7736 

80   6302  7166  9220  3347  3276  2928  3026  2928  3026  9142  8060  7536  5496 

90   5449  6164  7881  2928  3242  2928  3026  2928  3026  8127  7145  6803  4971 


RESERVOIR 
OUTFLOWS  TO 
MISSOURI  RIVER 


INSTREAM  ALTERNATIVE 


MODEL       % 

NODE     FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

BIG  HOLE 

1      Average 

518 

505 

395 

349 

365 

462 

1537 

3499 

4228 

1435 

450 

367 

1176 

RIVER  NEAR 

10 

797 

684 

526 

456 

482 

706 

2428 

5534 

6588 

2448 

774 

593 

1835 

MELROSE 

20 

673 

617 

457 

420 

415 

530 

2068 

4549 

5903 

2024 

668 

514 

1570 

50 

469 

474 

355 

347 

341 

399 

1300 

3156 

4072 

1409 

450 

324 

1092 

80 

333 

360 

287 

254 

289 

337 

890 

2002 

2497 

666 

204 

207 

694 

90 

269 

318 

269 

215 

249 

312 

666 

1870 

1272 

368 

47 

135 

499 

BEAVERHEAD 

2     Average 

261 

285 

250 

206 

207 

227 

273 

398 

581 

456 

424 

305 

323 

RIVER 

10 

456 

473 

385 

308 

298 

349 

487 

719 

980 

768 

775 

508 

542 

ABOVE  DILLON 

20 

380 

393 

332 

250 

268 

308 

393 

650 

841 

716 

651 

424 

467 

50 

217 

280 

245 

206 

209 

215 

214 

345 

537 

497 

390 

243 

300 

80 

109 

130 

139 

112 

115 

125 

140 

134 

211 

168 

120 

128 

136 

90 

87 

96 

94 

84 

99 

102 

96 

86 

123 

15 

17 

70 

81 

BEAVERHEAD 

3     Average 

421 

571 

511 

422 

444 

495 

494 

306 

447 

392 

312 

401 

435 

RIVER  NEAR 

10 

728 

792 

678 

560 

560 

626 

820 

611 

915 

726 

548 

640 

684 

TWIN 

20 

590 

676 

602 

498 

507 

562 

641 

505 

676 

642 

475 

568 

579 

BRIDGES 

50 

410 

559 

496 

416 

437 

494 

447 

206 

348 

386 

308 

386 

408 

80 

156 

423 

395 

325 

363 

377 

311 

100 

72 

41 

61 

128 

229 

90 

106 

347 

338 

263 

325 

348 

263 

51 

0 

0 

0 

91 

178 

MOUTH  OF 

4      Average 

238 

231 

179 

144 

135 

165 

198 

227 

304 

120 

68 

224 

186 

RUBY  RIVER 

10 

301 

295 

238 

180 

168 

226 

331 

405 

609 

330 

195 

305 

299 

20 

289 

275 

209 

166 

148 

209 

283 

352 

530 

223 

134 

283 

258 

50 

242 

232 

167 

138 

130 

149 

176 

208 

236 

89 

40 

221 

169 

80 

180 

186 

153 

121 

115 

116 

102 

89 

50 

0 

0 

168 

107 

90 

152 

165 

147 

118 

109 

109 

92 

40 

0 

0 

0 

154 

90 

C-20 


Instream  alternative  (continued) 
MODEL       % 
NODE     FLOW 


OCT      NOV      DEC      JAN       FEB      MAR      APR      MAY      JUN       JUL      AUG       SEP 


JEFFERSON 
RIVER  NEAR 
TWIN  BRIDGES 


Average  1283  1468  1242  1062  1101  1229  2325  3863  5201  1901  730  990  1866 

10        1869  1875  1518  1306  1328  1634  3333  6269  8071  3436  1336  1468  2787 

20        1622  1724  1395  1205  1235  1422  3034  5137  7176  2775  1079  1277  2423 

50        1270  1420  1210  1053  1071  1164  2030  3466  5108  1809  739  931  1773 

80         871  1203  1044  904  930  1010  1506  2311  2862  723  201  657  1185 


90 


723  1086   977   804   845   921  1326  2020  1631   274 


461       922 


JEFFERSON 
RIVER  NEAR 
THREE  FORKS 


GALLATIN 
RIVER  NEAR 
LOGAN 


6      Average  1789  1895  1459  1319  1347  1649  2567  4332     6396  1914  796  1283  2229 

10       2597  2381  1933  1621  1846  2025  3498  6911   10700  3591  1694  1921  3393 

20       2231  2173  1714  1516  1565  1886  3135  6017     9447  2678  1160  1643  2930 

50        1806  1893  1456  1334  1339  1638  2610  3970     6180  1748  727  1191  2158 

80        1146  1519  1137  1087  1034  1395  1688  2242     2913  523  172  866  1310 


90 


966  1369   990   980   831  1317  1447  1811  2125   247 


Average  748  813  746  680 

10   1117  1096  927  861 

20    991  991  864  799 

50    812  814  763  689 

80    489  659  610  567 

90    340  458  507  480 


709   820  1072  2082  3052  1394 
854  1001  1426  3170  4733  2099 


809 
719 
578 
496 


926  1291  2686  4262  1877 

809  996  2092  3066  1306 

706  798  1233  1672  871 

619  703  1043  1305  652 


0 

597 

1057 

691 

637 

1120 

993 

976 

1605 

888 

851 

1436 

638 

630 

1111 

485 

453 

760 

387 

220 

601 

MADISON  RIVER  8  Average  863   880   799   776   758   754   929  1666  1926   993   804   826 


INFLOWS 
TO  HEBGEN 
RESERVOIR 


10  1060  1094  1012  917  899 

20  949  956  925  894  846 

50  808  786  791  758  772 

80  696  655  646  665  663 

90  634  609  585  611  600 


945  1223  2278  3118  1467  1079  1115  1351 

862  1052  2021  2533  1325  1007  960  1194 

754  881  1594  1814  938  758  762  952 

629  756  1241  1189  700  626  640  759 

583  716  1133  1002  616  579  590  688 


HEBGEN 
RESERVOIR 
OUTFLOWS  TO 
MADISON  RIVER 


9      Average  1462     1405       872       782      705       815       991     1053     1193       973       883     1102     1020 


10  1955  1815  1106  923 

20  1688  1596  990  898 

50  1308  1290  853  762 

80  1204  1098  700  672 

90  1175  1044  638  611 


837  1046  1373  1594  1684  1366  1273  1511  1374 

780  923  1138  1265  1389  1233  1226  1437  1214 

712  796  963  1037  1100  1023  851  998  974 

611  684  811  715  968  642  536  780  785 

564  565  710  703  913  413  472  735  712 


MADISON  RIVER  10     Average  2016  2079  1412  1280  1240  1429  1561  2130  2797  1773  1381  1579  1723 

BELOW                               10       2778  2708  1713  1565  1486  1715  2075  2972  3842  2382  1772  2054  2255 

ENNISLAKE                        20       2374  2476  1631  1502  1438  1548  1781  2571  3638  1980  1763  2023  2060 

50        1877  1949  1381  1247  1270  1456  1600  1872  2606  1844  1408  1437  1662 

80        1712  1706  1208  1064  1063  1265  1328  1723  2098  1329  959  1261  1393 

90        1646  1557  1127  999  1020  1131  1107  1388  1659  931  791  1183  1211 

MADSION  RIVER  11     Average  2045  1897  1604  1313  1269  1432  1662  2204  2847  1679  1238  1495  1724 

NEAR                                    10       2844  2446  2040  1577  1536  1731  2167  3033  4044  2522  1707  1952  2300 

THREE  FORKS                   20       2446  2023  1958  1549  1489  1548  1853  2602  3756  1932  1647  1898  2059 

50        1924  1794  1609  1302  1302  1451  1646  2011  2731  1715  1227  1393  1675 

80        1739  1590  1264  1102  1045  1262  1432  1759  2020  1223  724  1189  1362 

90        1676  1525  1176  1033  969  1078  1160  1636  1690  822  '602  1124  1208 


MISSOURI 

12 

Avera 

RIVER  AT 

10 

TOSTON 

20 
50 
80 
90 

12     Average  4538  4769  3717  3263  3606  3967  5656     8681   11500  4715  2307  3240  4997 

5957  5896  4334  4031  4270  4786  7377  13161   17815  8129  3737  4714  7017 

5532  5491  4160  3708  3959  4614  6839  11224  16579  6285  3062  4167  6302 

4240  4501  3680  3246  3566  3910  5242     8320  11466  4406  2247  3112  4828 

3382  3943  3245  2748  3240  3368  4290     5378     6626  2151  1278  2269  3493 

3120  3747  3041  2570  2935  2957  3835     4770     5533  1819  826  1846  3083 
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Instream  alternative  (continued) 
MODEL       % 
NODE     FLOW    *  OCT 


NOV      DEC      JAN       FEB      MAR      APR      MAY      JUN       JUL      AUG       SEP      AVG 


MISSOURI  RIVER  13     Average  4665    4876    3743    3354    3703    4386    5751     8942  11536    4592     2138    3326    5084 


INFLOWS  TO 
CANYON  FERRY 
RESERVOIR 


10  6561  6136  4593  4203  4585  5431  7494  14144  18746  7798  3678  4867  7353 

20  5791  5659  4218  3913  4206  5013  7076  11776  16346  7002  3089  4478  6547 

50  4458  4696  3780  3390  3759  4301  5324  8320  11341  4104  2021  3134  4886 

80  3321  4140  3234  2725  3061  3724  4546  5569  5923  2010  1007  2282  3462 

90  3220  3573  2546  2322  2447  3440  3711  4542  4764  1319  620  1777  2857 


CANYON  FERRY  14  Average  4608  4658  4671  4168  4352  5352  5787  6197  6041  4916  3705  3787  4853 

10   5508  5628  5848  5877  5995  8167  8807  9454  9211  7766  5427  5440  6927 

20   5376  5459  5578  5357  5571  6801  7392  7995  7743  6355  4565  4658  6071 

50   4832  4830  4836  4074  4166  5283  5770  6264  6060  4300  2928  3026  4697 

80   3865  3864  3868  2928  3242  2928  3095  3327  3241  2928  2928  3026  3270 

90   2928  3026  2928  2928  3242  2928  3026  2928  3026  2928  2928  3026  2987 


RESERVOIR 
OUTFLOWS  TO 
MISSOURI  RIVER 


OUTFLOWS  TO 
MISSOURI  RIVER 


HAUSERLAKE   15  Average  4613  4630  4699  4223  4349  5377  5764  6128  5961  4810  3647  3797  4833 

10   5512  5597  5849  5871  5996  8108  8825  9400  9141  7601  5382  5458  6895 

20   5415  5442  5588  5355  5625  6806  7364  7952  7666  6249  4505  4569  6045 

50   4809  4758  4862  4066  4213  5397  5797  6241  6015  4097  2937  3218  4701 

80   3761  3856  3870  2984  3257  3037  3231  3300  3059  2820  2832  2984  3249 

90   3057  2938  3028  2919  3169  2925  3011  2797  2926  2748  2791  2943  2938 


MISSOURI      16  Average  4630  4627  4714  4282  4399  5445  5823  6250  6156  4737  3593  3842  4875 

RIVER             10   5581  5647  5835  5952  6050  8051  8558  9518  9602  7940  5248  5589  6964 

INFLOWS  TO         20   5412  5447  5511  5422  5660  6829  7379  8374  8505  6104  4483  4656  6149 

HOLTERLAKE        50   4877  4813  4894  4109  4095  5386  5893  6164  5877  3918  3081  3322  4702 

80   3752  3834  3873  3021  3299  3356  3791  3552  3867  2739  2732  2977  3399 

90   3060  2889  3101  2876  3076  2895  2952  2834  2855  2629  2640  2911  2893 

HOLTERLAKE   17  Average  4600  4628  4802  4372  4484  5428  5765  6105  6069  4774  3631  3848  4875 

OUTFLOWS          10   5635  5729  5799  5996  6191  7818  8840  9529  9570  8046  5315  5525  6999 

TO  MISSOURI        20   5394  5452  5576  5560  5655  7020  7310  8332  8339  6066  4450  4714  6156 

RIVER             50   4781  4815  4960  4195  4301  5354  5645  5813  5744  3903  3133  3427  4673 

80   3685  3808  3885  3048  3318  3270  3873  3602  3581  2873  2768  2980  3391 

90   2885  2828  3332  2814  3002  2779  3048  2610  2934  2752  2623  2772  2865 


SMITH  RIVER 

NEAR 

EDEN 


18  Average  173   152   124    97   140   170 


10 
20 
50 
80 
90 


330  260 

238  185 

140  130 

111  102 

88  87 


241 

168 

105 

62 

23 


151 

137 

93 

58 

38 


243 

173 

124 

80 

63 


265 
228 

156 

102 

83 


414 

975 

989 

399 

135 

136 

325 

699 

1755 

2232 

879 

277 

255 

632 

566 

1481 

1205 

627 

194 

167 

448 

339 

793 

793 

295 

120 

104 

266 

210 

487 

431 

123 

49 

60 

156 

179 

345 

299 

52 

17 

49 

110 

MISSOURI     19  Average  5118  5176  5313  4952  5072  6170  7000  8852  8938  5839  3905  4173  5876 

RIVER  NEAR         10   6512  6573  6553  6508  7073  8697  1020112814  13541  9903  5909  6226  8376 

ULM               20   6089  5953  6047  6220  6273  7869  8842  11521  11543  7751  4937  5119  7347 

50   5095  5226  5372  4890  4851  6409  6830  8663  8451  4880  3342  3605  5635 

80   3940  4186  4412  3656  3631  3738  4705  6031  5266  3119  2754  3172  4051 

90   3351  3381  3545  3418  3300  3407  3466  4586  4466  2890  2630  2944  3449 


MUDDY       20  Average  110  62  45  34  38  57  42  139  237  253  286  177  123 

CREEK             10  145  73  57  49  58  100  57  210  342  359  384  248  174 

AT                20  131  71  52  43  49  68  47  169  286  336  360  223  153 

VAUGHN            50  109  63  43  34  35  39  35  127  222  246  300  182  120 

80  86  50  35  25  27  32  30  96  170  165  205  125  87 

90  77  48  30  21  22  29  28  66  150  134  167  102  73 
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Instream  alternative  (continued) 
MODEL      % 


NODE     FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

SUN  RIVER 

21     Average 

383 

329 

289 

249 

264 

332 

NEAR 

10 

503 

451 

433 

342 

388 

662 

VAUGHN 

20 

445 

385 

341 

305 

331 

438 

50 

362 

299 

259 

240 

237 

272 

80 

282 

244 

199 

171 

187 

200 

APR      MAY      JUN       JUL      AUG       SEP      AVG 


453  1566  2584  634  501  431  668 

920  2885  5036  1364  708  583  1190 

688  2397  3447  1112  660  538  924 

308  1480  1940  420  485  421  560 

184  534  1013  227  305  301  321 


90 


233       203       181        131       148       159       152       318       730 


31       213       238       228 


MISSOURI 
RIVER  AT 
BLACK  EAGLE 
DAM 


22     Average  5697  5490  5411  5034  5335  6604  7537  10388  11074     6502  4508  4652  6519 

10       7114  7189  6795  7051  7245  9490  10705  15779  17315  10719  6763  6561  9394 

20       6684  6599  6387  6553  6733  8506  9370  13121   13889     9072  5844  5868  8219 

50       5778  5426  5559  4892  5055  6562  7409  10020  10203     5670  3923  4179  6223 

80       4452  4426  4561  3669  3758  4011  5233     6654     6482     3464  3184  3562  4455 

90       3736  3457  3490  3205  3357  3637  3908     5735     4839     3063  2979  3273  3723 


MISSOURI             23     Average  6047  5840  5761  5384  5685  6954  7887  10738  11424    6852  4858  5002  6869 

RIVER  BELOW                    10       7464  7539  7145  7401  7595  9840  11055  16129  17665  11069  7113  6911  9744 

MORONY                             20       7034  6949  6737  6903  7083  8856  9720  13471   14239     9422  6194  6218  8569 

DAM                                      50       6128  5776  5909  5242  5405  6912  7759  10370  10553     6020  4273  4529  6573 

80       4802  4776  4911  4019  4107  4361  5583     7004     6832     3814  3534  3912  4805 

90       4086  3807  3840  3555  3707  3986  4258     6085     5189     3413  3329  3623  4073 

MISSOURI              24     Average  5904  5854  5809  5464  5798  7060  8095  11426  12424     7072  4857  5046  7067 

RIVERAT                             10       7420  7548  7264  7488  7720  10022  11257  17510  20156  11658  7107  7199  10196 

FORT  BENTON                   20       7090  6814  6900  7051  7449  9394  10149  14555  15768     9305  6015  6125  8885 

50       5677  5760  5850  5376  5580  7120  7923  11026  11525     5996  4281  4556  6723 

80       4623  4772  4870  3994  4113  4399  5702     7436     7191     3739  3503  3883  4852 

90       3825  3784  3823  3549  3681  4002  4286     6239     5555     3479  3327  3595  4095 


TETON  RIVER       25     Average  51       230       169       140      205      509  478       850     1278      375 

NEAR                                    10  230       706       411       310       548     1208  1149     2163     2382     1255 

LOMA                                   20  53       206       252       230       322       677  839     1703     1629       607 

50  0           0       100         63       111       336  303       383       785           9 

80  0           0           0           0           0111  0           0         37           0 

90  00000         32  0000 


MARIAS  RIVER     26     Average    358      355       282      249      354       743     1128    2618    3146     1014 

INFLOWS 

TO  TIBER 

RESERVOIR 


10 
20 
50 
80 
90 


685  606 

487  465 

279  292 

148  177 

119  153 


581 
380 
221 

143 
123 


450 
319 
221 
127 
105 


720  1514  2014  3851  5962  1947 

423  962  1415  3554  4047  1399 

259  468  1058  2407  2484  851 

158  310  498  1804  1447  395 

108  254  440  1310  1224  143 


94 

73 

371 

252 

192 

901 

15 

94 

552 

0 

0 

174 

0 

0 

12 

0 

0 

3 

345 

277 

906 

661 

580 

1631 

499 

459 

1201 

313 

212 

756 

91 

80 

448 

0 

0 

332 

TIBER 
RESERVOIR 
OUTFLOWS 
TO  MARIAS 
RIVER 


27     Average    961       767      766       766       768       554 


10  1524  1219  1219  1219  1219 

20  1280  1024  1024  1024  1024 

50  956  765  765  765  765 

80  576  461  461  461  461 

90  423  338  338  338  338 


707  814  903  1219  1219  1220  889 

839     1120  1452  1618  2022  2022  2022  1458 

657       936  1033  1105  1568  1568  1568  1151 

455       482  475  471  1130  1130  1130  774 

455       471  455  471  747  747  747  543 

455       471  455  471  511  511  511  430 


MARIAS  RIVER     28     Average    943  680  562  530  599 

NEAR                                  10       1369  1116  982  981  1039 

LOMA                                 20       1223  906  839  830  894 

50          932  694  625  491  613 

80         590  362  160  184  237 

90         504  308  100  109  159 


476  834  1090  1245  1158  1023  966  842 

910  1495  1687  2839  2004  1849  1818  1507 

704  1297  1546  1869  1830  1558  1334  1236 

399  707  1087  931  1068  1002  777  777 

198  363  507  454  585  463  422  377 

123  234  381  227  218  357  280  250 
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Instream  alternative  (continued) 

> 

MODEL 

% 

NODE 

FLOW 

'OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

MISSOURI 

29 

Average 

6669 

6764 

6541 

6134 

6602 

8046 

9177 

13131 

14701 

8341 

5725 

5849 

8140 

RIVER  AT 

10 

8476 

8646 

8404 

8224 

9054 

11545 

13002 

18984  21876 

13766 

8339 

8546 

11572 

VIRGELLE 

20 

8036 

7930 

7743 

7965 

8135 

10352 

11728 

17312 

18869 

11916 

7191 

7228 

10367 

50 

6602 

6741 

6723 

6051 

6531 

8157 

8960 

12562 

13205 

7172 

5355 

5130 

7766 

80 

5355 

5591 

5371 

4267 

4451 

5022 

6521 

8911 

8085 

4313 

3824 

4311 

5502 

90 

4312 

4714 

3966 

3717 

4228 

4536 

4890 

7329 

6134 

3908 

3627 

4073 

4620 

MOUTH 

30 

Average 

381 

393 

391 

412 

478 

514 

502 

538 

579 

536 

429 

406 

463 

OF  JUDITH 

10 

575 

599 

602 

639 

705 

752 

835 

811 

912 

787 

703 

654 

715 

RIVER 

20 

541 

568 

584 

591 

637 

704 

719 

740 

760 

707 

653 

622 

652 

50 

314 

331 

276 

365 

510 

536 

451 

528 

556 

508 

364 

267 

417 

80 

238 

242 

241 

243 

245 

299 

292 

300 

289 

293 

229 

235 

262 

90 

236 

241 

239 

241 

241 

244 

257 

251 

256 

250 

212 

233 

242 

MISSOURI 

31 

Average 

7123 

7312 

6986 

6525 

7146 

9301 

10289 

14151 

16558 

9443 

6229 

6331 

8950 

RIVER  NEAR 

10 

8826 

8829 

8712 

9162 

10037 

13567 

15233  21890  25409 

15349 

9005 

9153 

12931 

LANDUSKY 

20 

8663 

8374 

8558 

8204 

9350 

11659 

13485 

17971 

20539 

13187 

7861 

7880 

11311 

50 

7032 

7305 

7170 

6456 

7162 

9064 

9662 

13807  15477 

8171 

5806 

5604 

8560 

80 

5736 

6199 

5669 

4547 

4763 

5736 

7205 

9420 

8922 

4829 

4031 

4746 

5983 

90 

4527 

5414 

4119 

3998 

4412 

5252 

5511 

7905 

6705 

4211 

3828 

4279 

5014 

MUSSELSHELL 

32 

Average 

74 

90 

76 

81 

203 

518 

349 

596 

939 

314 

107 

112 

288 

RIVER  AT 

10 

159 

162 

162 

168 

449 

1009 

937 

1542 

2537 

924 

269 

279 

716 

MOSBY 

20 

107 

133 

127 

119 

225 

620 

540 

859 

1623 

452 

194 

159 

430 

50 

59 

67 

59 

64 

107 

272 

181 

304 

572 

125 

75 

66 

163 

80 

4 

18 

17 

18 

36 

110 

60 

80 

121 

32 

13 

14 

44 

90 

0 

0 

0 

0 

12 

49 

46 

17 

46 

2 

0 

0 

14 

BIG  DRY 

33 

Average 

5 

3 

2 

3 

56 

317 

90 

32 

80 

54 

19 

17 

56 

CREEK 

10 

11 

6 

4 

3 

206 

1042 

79 

90 

264 

122 

29 

13 

156 

NEAR  MOUTH 

20 

5 

4 

2 

1 

64 

625 

47 

21 

124 

46 

13 

5 

80 

50 

2 

2 

1 

0 

3 

84 

11 

8 

25 

8 

3 

2 

12 

80 

0 

1 

0 

0 

0 

9 

4 

3 

3 

1 

1 

0 

2 

90 

0 

0 

0 

0 

0 

4 

3 

1 

2 

1 

0 

0 

1 

MISSOURI  34     Average  7123  6751  6188  6294    7907  13324  12031   14818  17931   10060     6503     6621     9629 

RIVER  INFLOWS  10       9760  9392  8192  9124  1167120160  1819122100  2886117187  10113  10134  14574 

TO  FORT  PECK  20       8560  8461  7483  8310  10334  15333  14610  19166  22500  13049     8353     8328  12041 

RESERVOIR  50       6990  6383  6011  6110     7429  11498  10262  13722  16895     8751     6104     5699     8821 

80       5291  4870  4379  4402     5156     6408     7200     9074  10489     5267     3905     4328     5898 

90       4311  3781  3949  3561     4011     5490     5722     6452     7300     4475     3359     4103     4710 


FORT  PECK           35     Average  8164  9338  11832     8057    7975  5990  5548  5872     7219  11199  10120  9466     8398 

10     10584  12193  15001   14180  13609  9640  8804  9505  12233  13974  12413  11910  12004 

20       9855  11338  14799  12513  12350  8800  8030  8657  11079  13142  11668  11018  11104 

50       8093  9269  12032     7082     6965  4949  4480  4769     5791   11173     9893  9364     7822 

80       6376  7254     9337     3505     3418  2928  3026  2928     3026     9222     8133  7606     5563 

90       5572  6309     8074     2928     3242  2928  3026  2928     3026     8221     7230  6894     5032 


RESERVOIR 
OUTFLOWS  TO 
MISSOURI  RIVER 
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Table  C-3.  Percentage  reductions  In  monthly  streamflows 

CONSUMF»TIVE  USE  ALTERNATIVE 

MODEL  NODE      %FLOW     OCT      NOV      DEC      JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG 


BIG  HOLE               1 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RIVER  NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

MELROSE 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

BEAVERHEAD        2 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

RIVER 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

ABOVE  DILLON 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

BEAVERHEAD        3 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

RIVER  NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

TWIN 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

BRIDGES 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

MOUTH  OF             4 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

RUBY  RIVER 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

JEFFERSON           5 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

RIVER  NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

TWIN  BRIDGES 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

JEFFERSON           6 

Average 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

0.0 

-0.0 

0.0 

1.5 

11.7 

23.1 

3.1 

2.C 

RIVER  NEAR 

10 

-0.1 

-0.0 

-0.1 

-0.1 

-0.1 

-0.0 

0.0 

-0.0 

1.2 

6.8 

14.3 

0.7 

1.£ 

THREE  FORKS 

20 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.0 

0.0 

1.7 

9.7 

18.4 

3.5 

1.C 

50 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.0 

0.2 

1.2 

8.8 

28.6 

3.7 

1.S 

80 

-0.2 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

0.0 

2.9 

51.2 

100.0 

4.3 

3.5 

90 

-0.2 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

6.7 

100.0 

0.0 

4.2 

3.2 

GALLATIN               7 

Average 

-0.3 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

1.4 

2.9 

0.0 

0.3 

RIVER  NEAR 

10 

-0.2 

-0.1 

-0.1 

-0.1 

-0.1 

0.0 

0.0 

0.0 

0.0 

1.0 

2.6 

-0.1 

0.2 

LOGAN 

20 

-0.1 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

2.4 

0.4 

0.2 

50 

-0.2 

-0.1 

-0.1 

-0.1 

-0.1 

0.0 

0.0 

0.0 

0.1 

1.4 

3.4 

-0.3 

0.3 

80 

-0.2 

-0.3 

-0.2 

-0.2 

-0.2 

0.0 

0.0 

0.0 

0.2 

2.6 

.4.3 

0.7 

0.5 

90 

-0.3 

-0.2 

-0.2 

0.0 

-0.2 

0.0 

0.0 

0.0 

0.5 

2.5 

5.4 

-0.9 

0.5 

MADISON  RIVER    8 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

INFLOWS 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

TO  HEBGEN 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

RESERVOIR 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

C-25 


Consumptive  use  alternative  (continued) 

- 

MODEL       % 

•> 

NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

HEBGEN 

9 

Average 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RESERVOIR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

OUTFLOWS  TO 

20 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

MADISON  RIVER 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MADISON  RIVER  10 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

BELOW 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ENNIS  LAKE 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.1 

MADSION  RIVER 

11 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

1.4 

6.0 

6.8 

0.9 

1.2 

NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

0.7 

3.7 

5.0 

0.9 

0.8 

THREE  FORKS 

20 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

4.4 

3.8 

0.9 

0.8 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

1.6 

5.5 

7.6 

0.9 

1.2 

80 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.4 

1.5 

7.8 

10.9 

2.0 

1.4 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.6 

11.3 

14.8 

1.9 

1.8 

MISSOURI 

12 

Average 

-0.1 

-0.0 

-0.1 

-0.0 

-0.1 

-0.0 

-0.0 

0.1 

1.2 

7.3 

12.5 

1.7 

1.4 

RIVER  AT 

10 

-0.1 

-0.1 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

0.0 

0.4 

4.4 

9.9 

0.7 

1.0 

TOSTON 

20 

-0.1 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

0.1 

1.4 

5.2 

10.4 

0.7 

1.2 

50 

-0.1 

-0.1 

-0.1 

-0.1 

-0.0 

-0.1 

-0.0 

-0.0 

1.3 

8.0 

13.1 

1.2 

1.4 

80 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.0 

-0.0 

0.3 

1.4 

15.5 

18.4 

2.6 

1.7 

90 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.0 

-0.0 

0.0 

4.0 

19.5 

27.5 

3.6 

2.3 

MISSOURI  RIVER  13 

Average 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.0 

-0.0 

0.2 

2.0 

12.0 

20.5 

3.1 

2.2 

INFLOWS  TO 

10 

-0.1 

-0.1 

-0.1 

-0.0 

-0.0 

-0.0 

-0.0 

0.0 

0.8 

7.7 

13.7 

1.1 

1.5 

CANYON  FERRY 

20 

-0.1 

-0.1 

-0.1 

-0.1 

-0.0 

-0.0 

0.0 

0.0 

1.3 

8.7 

14.9 

1.1 

1.7 

RESERVOIR 

50 

0.0 

-0.1 

-0.1 

-0.1 

-0.1 

-0.0 

-0.0 

0.0 

2.1 

14.6 

20.0 

5.2 

2.4 

80 

-0.2 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.0 

0.1 

6.5 

32.9 

44.0 

9.0 

4.2 

90 

-0.2 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

0.4 

4.5 

41.8 

69.9 

11.6 

4.3 

CANYON  FERRY 

14 

Average 

2.2 

1.4 

1.8 

1.1 

2.0 

0.9 

0.9 

1.0 

1.0 

7.0 

6.4 

4.1 

2.3 

RESERVOIR 

10 

0.2 

-0.0 

0.1 

1.1 

0.8 

0.3 

0.3 

0.3 

0.3 

7.7 

5.2 

4.4 

1.6 

OUTFLOWS  TO 

20 

0.2 

-0.0 

-0.1 

0.8 

2.9 

0.8 

0.8 

0.8 

0.8 

8.3 

7.0 

4.0 

2.0 

MISSOURI  RIVER 

50 

1.3 

1.4 

1.3 

1.5 

4.5 

1.2 

1.2 

1.3 

1.2 

11.8 

0.0 

0.0 

2.2 

80 

24.9 

7.6 

7.7 

0.0 

0.0 

0.0 

3.7 

13.2 

7.9 

0.0 

0.0 

0.0 

6.1 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MAUSER  LAKE 

15 

Average 

2.2 

1.4 

1.8 

1.1 

2.0 

0.9 

0.9 

1.1 

1.0 

7.2 

6.5 

4.1 

2.3 

OUTFLOWS  TO 

10 

0.2 

-1.1 

0.1 

0.3 

0.8 

0.3 

0.5 

0.3 

0.4 

7.9 

5.2 

5.2 

1.6 

MISSOURI  RIVER 

20 

0.1 

-0.0 

-0.1 

0.8 

1.7 

0.8 

-0.9 

0.8 

0.8 

8.2 

7.6 

2.8 

1.7 

50 

2.3 

0.9 

0.0 

1.5 

2.6 

1.5 

0.8 

2.0 

1.3 

13.4 

1.0 

2.9 

2.4 

80 

17.8 

7.7 

7.6 

0.0 

0.7 

0.5 

1.6 

8.2 

0.5 

0.8 

1.0 

1.0 

4.4 

90 

4.4 

3.7 

0.4 

1.2 

6.4 

0.0 

0.0 

0.0 

0.9 

0.1 

2.0 

1.4 

1.8 

MISSOURI 

16 

Average 

2.2 

1.4 

1.8 

1.0 

2.0 

0.9 

0.9 

1.0 

1.0 

7.3 

6.6 

4.1 

2.3 

RIVER 

10 

0.4 

0.2 

0.4 

0.6 

0.7 

0.4 

1.1 

0.5 

0.3 

7.7 

5.4 

5.3 

1.8 

INFLOWS  TO 

20 

-0.1 

-0.0 

0.1 

0.8 

1.5 

0.8 

0.8 

1.4 

0.4 

8.9 

9.0 

3.1 

2.0 

HOLTER  LAKE 

50 

1.0 

0.9 

0.7 

0.9 

3.4 

1.2 

1.8 

0.7 

1.2 

12.3 

7.2 

4.4 

2.5 

80 

16.0 

7.8 

7.2 

0.0 

0.0 

2.7 

0.0 

3.9 

2.8 

2.5 

1.7 

0.8 

4.1 

90 

2.8 

0.9 

2.0 

1.3 

8.6 

0.0 

0.0 

0.0 

2.0 

0.8 

3.4 

0.4 

1.9 

C-26 


Consumptive  use 

1  alternative  (continued) 

MODEL       % 

NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

HOLIER  LAKE 

17 

Average 

2.1 

1.4 

1.7 

1.0 

1.9 

0.9 

0.9 

1.1 

1.0 

7.3 

6.6 

4.1 

2.3 

OUTFLOWS 

10 

0.9 

-0.1 

1.4 

0.4 

0.6 

2.1 

1.0 

0.5 

0.7 

7.6 

5.3 

5.1 

2.1 

TO  MISSOURI 

20 

-0.6 

0.2 

0.6 

0.7 

1.4 

1.2 

1.2 

0.4 

0.6 

8.9 

8.3 

4.8 

2.1 

RIVER 

50 

2.3 

0.2 

-0.1 

2.7 

0.9 

0.9 

1.5 

0.9 

0.6 

11.2 

5.4 

4.1 

2.2 

80 

13.0 

4.5 

6.2 

0.3 

0.2 

0.0 

1.1 

10.4 

2.1 

1.8 

1.8 

2.1 

3.8 

90 

0.0 

4.1 

5.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.2 

4.0 

2.8 

1.8 

SMITH  RIVER 

18 

Average 

-0.6 

-0.7 

0.0 

-1.0 

0.0 

0.0 

0.0 

0.1 

0.9 

5.7 

12.8 

6.5 

1.5 

NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

2.0 

6.7 

3.5 

0.6 

EDEN 

20 

0.4 

-0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.8 

3.8 

10.4 

4.7 

1.1 

50 

0.0 

-0.8 

0.0 

0.0 

-0.8 

0.0 

0.0 

0.1 

1.3 

6.3 

12.1 

4.7 

1.5 

80 

-0.9 

0.0 

-1.6 

0.0 

0.0 

0.0 

0.0 

0.0 

2.1 

14.7 

39.3 

11.3 

3.2 

90 

-1.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

4.9 

40.0 

91.7 

14.0 

5.4 

MISSOURI 

19 

Average 

1.9 

1.2 

1.5 

0.9 

1.7 

0.8 

0.8 

0.8 

0.9 

6.8 

7.1 

4.1 

2.1 

RIVER  NEAR 

10 

-0.0 

-0.6 

0.1 

1.0 

0.1 

0.2 

0.4 

0.4 

0.6 

6.6 

5.1 

4.3 

1.5 

ULM 

20 

-0.1 

-0.0 

0.1 

1.1 

1.2 

1.4 

-0.1 

0.9 

0.6 

8.2 

8.3 

5.3 

2.0 

50 

1.2 

1.5 

0.9 

0.6 

1.1 

1.1 

1.6 

1.3 

2.1 

9.4 

4.8 

2.0 

2.1 

80 

6.8 

3.8 

5.6 

0.9 

1.4 

3.5 

-0.1 

1.0 

2.6 

3.1 

4.2 

2.5 

2.8 

90 

3.0 

-0.1 

1.5 

-0.1 

1.0 

-0.0 

-0.0 

0.1 

0.6 

5.6 

4.9 

2.3 

1.4 

MUDDY 

20 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.3 

3.4 

2.4 

1.7 

1.6 

CREEK 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

2.7 

1.5 

2.4 

1.1 

AT 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

1.4 

2.6 

2.4 

1.8 

1.3 

VAUGHN 

50 

0.0 

0.0 

2.3 

0.0 

0.0 

0.0 

0.0 

0.8 

1.8 

3.5 

2.0 

0.5 

1.6 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.3 

5.7 

3.3 

2.3 

2.2 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.5 

2.6 

5.0 

4.6 

1.9 

2.7 

SUN  RIVER 

21 

Average 

-0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

1.5 

12.1 

9.2 

2.5 

2.2 

NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.4 

3.8 

5.2 

1.4 

0.8 

VAUGHN 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.8 

9.8 

7.0 

1.7 

1.7 

50 

0.0 

0.0 

0.4 

0.0 

0.0 

0.0 

0.0 

0.9 

1.5 

19.8 

9.3 

3.3 

2.8 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

2.4 

5.5 

42.9 

15.1 

5.0 

6.2 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.1 

6.7 

100.0 

29.5 

0.0 

6.1 

MISSOURI 

22 

Average 

1.7 

1.1 

1.5 

0.9 

1.6 

0.7 

0.7 

0.7 

1.1 

7.3 

7.2 

4.0 

2.1 

RIVER  AT 

10 

0.2 

-0.7 

-0.1 

0.9 

-0.5 

1.3 

1.1 

0.4 

1.6 

6.8 

6.3 

5.3 

1.8 

BLACK  EAGLE 

20 

-0.0 

0.4 

0.1 

0.5 

0.9 

0.9 

-0.1 

0.8 

0.9 

7.6 

10.1 

2.1 

1.9 

DAM 

50 

0.9 

-0.4 

1.7 

0.4 

1.4 

0.9 

1.5 

1.2 

2.0 

13.5 

6.4 

5.5 

2.6 

80 

1.9 

3.1 

6.3 

2.7 

1.3 

2.3 

-0.1 

0.5 

2.3 

7.4 

3.0 

2.9 

2.6 

90 

5.6 

-0.1 

1.1 

-0.1 

2.0 

-0.0 

-0.0 

0.2 

1.8 

5.6 

8.2 

2.6 

2.1 

MISSOURI 

23 

Average 

1.6 

1.1 

1.4 

0.8 

1.5 

0.7 

0.7 

0.7 

1.1 

6.9 

6.7 

3.7 

2.0 

RIVER  BELOW 

10 

0.2 

-0.7 

-0.1 

0.9 

-0.5 

1.2 

1.1 

0.4 

1.6 

6.6 

6.0 

5.0 

1.8 

MORONY 

20 

-0.0 

0.4 

0.1 

0.4 

0.9 

0.9 

-0.1 

0.8 

0.9 

7.3 

9.5 

2.0 

1.8 

DAM 

50 

0.9 

-0.3 

1.6 

0.4 

1.3 

0.9 

1.4 

1.2 

1.9 

12.7 

5.9 

5.0 

2.5 

80 

1.8 

2.8 

5.9 

2.5 

1.1 

2.1 

-0.1 

0.5 

2.2 

6.8 

2.7 

2.7 

2.4 

90 

5.2 

-0.1 

1.0 

-0.1 

1.8 

-0.0 

-0.0 

0.2 

1.7 

5.0 

7.3 

2.3 

1.9 

MISSOURI 

24 

Average 

1.7 

1.1 

1.4 

0.8 

1.5 

0.7 

0.7 

0.8 

1.5 

8.4 

8.3 

4.3 

2.3 

RIVER  AT 

10 

-0.1 

-1.3 

-0.1 

0.0 

-0.2 

0.4 

0.4 

0.4 

1.7 

8.2 

6.3 

5.1 

1.8 

FORT  BENTON 

20 

-0.0 

-0.0 

-0.1 

0.6 

1.0 

0.5 

0.2 

0.5 

1.3 

7.9 

9.4 

3.6 

1.9 

.     50 

0.8 

-0.1 

1.3 

0.1 

3.3 

1.0 

1.0 

1.4 

2.2 

12.5 

7.1 

5.9 

2.7 

80 

6.4 

2.9 

4.5 

2.3 

0.4 

1.3 

-0.1 

0.9 

3.2 

8.0 

5.0 

3.8 

3.0 

90 

3.0 

-0.1 

1.8 

-0.1 

0.1 

-0.0 

-0.0 

0.5 

4.9 

9.4 

11.6 

3.0 

2.7 

C-27 


Consumptive  use 

alternative  (cpnl 
MODEL       %       < 

inued) 

- 

- 

NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

TETON  RIVER 

25 

Average 

0.0 

-0.4 

-0.6 

0.0 

0.0 

0.0 

0.0 

0.6 

2.3 

11.0 

12.1 

8.0 

2.1 

NEAR 

10 

-0.9 

-0.3 

0.0 

0.0 

-0.2 

0.0 

-0.1 

0.0 

0.4 

5.9 

24.9 

-1.1 

1.3 

LOMA 

20 

0.0 

-1.0 

-0.4 

-0.4 

0.0 

-0.1 

0.0 

0.8 

1.5 

14.4 

92.7 

30.5 

2.9 

50 

0.0 

0.0 

-1.0 

-1.6 

0.0 

0.0 

0.0 

0.3 

3.5 

100.0 

0.0 

0.0 

3.4 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

100.0 

0.0 

0.0 

0.0 

35.7 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MARIAS  RIVER 

26 

Average 

0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.4 

2.5 

4.0 

2.2 

0.6 

INFLOWS 

10 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.7 

2.1 

1.5 

0.2 

TO  TIBER 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

2.1 

4.4 

2.4 

0.5 

RESERVOIR 

50 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.6 

3.0 

3.8 

5.1 

0.8 

80 

0.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.5 

4.3 

22.1 

12.2 

1.3 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

1.9 

20.8 

0.0 

0.0 

1.5 

TIBER 

27 

Average 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.2 

0.3 

0.4 

-0.7 

0.8 

0.8 

0.8 

0.2 

RESERVOIR 

10 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.5 

0.1 

0.5 

0.5 

0.5 

0.3 

OUTFLOWS 

20 

-0.2 

-0.2 

-0.2 

-0.2 

-0.2 

0.5 

0.4 

0.3 

0.4 

0.6 

0.6 

0.6 

0.3 

TO  MARIAS 

50 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.8 

0.0 

0.7 

0.7 

0.7 

0.4 

RIVER 

80 

0.5 

0.4 

0.4 

0.4 

0.4 

0.0 

0.0 

0.0 

0.0 

1.7 

1.7 

1.7 

0.9 

90 

0.2 

0.3 

0.3 

0.3 

0.3 

0.0 

0.0 

0.0 

0.0 

2.5 

2.5 

2.5 

0.9 

MARIAS  RIVER 

28 

Average 

0.1 

0.0 

0.0 

0.0 

-0.2 

0.4 

0.4 

3.3 

9.0 

21.6 

17.1 

8.1 

6.5 

NEAR 

10 

-0.2 

-0.1 

0.0 

0.0 

-0.1 

0.3 

0.0 

2.1 

3.7 

9.6 

7.7 

2.1 

2.8 

LOMA 

20 

-0.1 

0.0 

-0.1 

-0.1 

-0.1 

0.4 

0.3 

3.0 

9.2 

14.7 

11.1 

8.1 

5.2 

50 

-0.2 

0.0 

0.0 

-0.2 

0.0 

0.0 

0.7 

2.2 

13.8 

27.2 

22.4 

10.7 

8.1 

80 

0.7 

0.3 

0.6 

0.0 

0.4 

0.0 

1.7 

1.0 

45.7 

48.0 

377 

176 

16.8 

90 

0.2 

0.3 

1.0 

0.9 

0.6 

0.0 

0.9 

11.5 

79.9 

100.0 

53.8 

35.2 

25.3 

MISSOURI 

29 

Average 

1.5 

0.9 

1.2 

0.7 

1.3 

0.6 

0.6 

1.3 

3.0 

13.5 

13.1 

6.3 

3.4 

RIVER  AT 

10 

-0.1 

-0.2 

0.1 

0.8 

-0.3 

0.4 

0.9 

0.5 

2.3 

10.8 

8.4 

4.7 

2.5 

VIRGELLE 

20 

-0.1 

0.3 

-0.1 

0.3 

0.6 

1.9 

0.6 

0.7 

2.9 

13.0 

9.4 

7.2 

3.0 

50 

2.0 

0.4 

1.1 

0.4 

2.3 

0.9 

0.7 

1.3 

3.6 

19.1 

14.3 

5.6 

3.9 

80 

12.1 

3.4 

3.0 

-0.1 

1.6 

0.2 

-0.0 

2.4 

6.2 

23.9 

14.6 

8.4 

5.7 

90 

1.5 

-0.1 

2.7 

-0.1 

6.9 

-0.0 

0.0 

2.3 

10.2 

21.3 

24.0 

8.3 

6.0 

MOUTH 

30 

Average 

-1.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.7 

4.1 

14.4 

15.0 

3.4 

3.2 

OF  JUDITH 

10 

-0.5 

-0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

1.3 

9.1 

9.0 

1.5 

2.0 

RIVER 

20 

-0.7 

-0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.9 

10.7 

10.4 

0.8 

2.1 

50 

-1.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.3 

14.4 

12.6 

1.1 

2.6 

80 

-1.3 

-0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

3.0 

9.2 

26.6 

29.4 

8.4 

6.4 

90 

-1.3 

-0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

3.2 

12.1 

31.6 

33.2 

9.7 

7.3 

MISSOURI 

31 

Average 

1.4 

0.8 

1.2 

0.7 

1.2 

0.5 

0.6 

1.2 

2.8 

12.8 

13.1 

6.0 

3.3 

RIVER  NEAR 

10 

0.1 

-0.1 

-0.1 

0.4 

0.3 

0.6 

0.6 

1.4 

2.0 

10.7 

8.5 

4.2 

2.5 

LANDUSKY 

20 

0.0 

-0.1 

1.9 

0.8 

0.3 

1.0 

0.9 

0.7 

1.8 

10.3 

11.7 

4.3 

2.7 

50 

2.0 

-0.1 

0.2 

0.7 

1.1 

0.5 

0.8 

0.9 

4.5 

16.5 

12.6 

4.8 

3.5 

80 

9.6 

3.0 

2.9 

-0.1 

1.0 

-0.0 

0.9 

2.8 

6.0 

23.9 

15.7 

9.0 

5.6 

90 

-0.1 

3.5 

-0.0 

2.1 

2.1 

2.1 

0.0 

2.2 

11.9 

23.9 

20.7 

11.5 

6.3 

MUSSELSHELL 

32 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RIVER  AT 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MOSBY 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

C-28 


Consumptive  use  alternative  (continued) 
MODEL       % 


NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

BIG  DRY 

33 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CREEK 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

NEAR  MOUTH 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MISSOURI 

34 

Average 

1.4 

0.9 

1.3 

0.7 

1.1 

0.4 

0.5 

1.2 

2.6 

12.0 

12.5 

5.8 

3.1 

RIVER  INFLOWS 

10 

-0.0 

0.1 

-0.1 

-0.1 

-0.4 

0.1 

0.5 

0.5 

1.7 

7.4 

9.0 

5.0 

1.9 

TO  FORT  PECK 

20 

-0.9 

-0.4 

-0.0 

0.4 

0.5 

0.6 

0.3 

1.0 

1.7 

9.1 

11.5 

6.5 

2.4 

RESERVOIR 

50 

0.4 

1.3 

-0.8 

1.7 

0.5 

0.2 

0.7 

1.6 

3.8 

14.8 

15.2 

7.3 

3.6 

80 

3.3 

-0.1 

5.3 

1.2 

1.2 

0.0 

0.3 

0.7 

5.0 

19.2 

17.8 

6.1 

4.4 

90 

0.1 

3.7 

3.7 

-0.1 

1.4 

0.2 

0.2 

1.3 

10.6 

23.5 

25.9 

12.3 

6.5 

FORT  PECK 

35 

Average 

3.3 

3.4 

3.1 

3.1 

3.1 

3.1 

2.9 

3.1 

3.5 

3.1 

3.4 

3.8 

3.3 

RESERVOIR 

10 

2.2 

2.3 

0.0 

1.1 

0.9 

2.0 

2.0 

2.0 

2.2 

2.1 

1.2 

2.3 

1.6 

OUTFLOWS  TO 

20 

3.1 

3.1 

3.2 

2.9 

2.9 

2.9 

3.0 

3.0 

3.2 

2.5 

2.5 

2.8 

2.9 

MISSOURI  RIVER 

50 

3.5 

3.6 

3.7 

5.3 

5.4 

5.4 

5.5 

5.7 

6.4 

2.8 

2.9 

3.3 

4.1 

80 

4.4 

4.5 

4.7 

11.8 

7.2 

0.0 

0.0 

0.0 

0.0 

2.6 

2.6 

3.2 

3.6 

90 

6.0 

6.3 

6.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.2 

4.3 

4.6 

3.7 

COMBINATION  ALTERNATIVE 


MODEL 

% 

NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

BIG  HOLE 

1 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RIVER  NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MELROSE 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

BEAVERHEAD 

2 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RIVER 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ABOVE  DILLON 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

BEAVERHEAD 

3 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RIVER  NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TWIN 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

BRIDGES 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

.0.0 

0.0 

0.0 

MOUTH  OF 

4 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RUBY  RIVER 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

C-29 


Combination  alternative  (continued) 

y 

. 

MODEL 

%       . 

NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

JEFFERSON 

5 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RIVER  NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TWIN  BRIDGES 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

JEFFERSON 

6 

Average 

-0.1 

0.0 

-0.1 

0.0 

-0.1 

0.0 

-0.0 

0.0 

0.3 

2.8 

5.5 

0.7 

0.5 

RIVER  NEAR 

10 

-0.0 

0.0 

0.0 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.3 

1.6 

3.3 

0.2 

0.4 

THREE  FORKS 

20 

-0.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

2.2 

4.1 

0.8 

0.4 

50 

0.0 

-0.1 

0.0 

0.0 

0.0 

0.0 

-0.0 

0.0 

0.3 

1.7 

7.2 

0.3 

0.4 

80 

-0.1 

-0.1 

-0.1 

0.0 

0.0 

-0.1 

0.0 

0.0 

0.7 

11.9 

30.8 

0.8 

0.8 

90 

-0.1 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.5 

24.3 

0.0 

1.8 

0.9 

GALLATIN 

7 

Average 

-0.1 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.9 

1.9 

0.0 

0.2 

RIVER  NEAR 

10 

-0.1 

-0.1 

0.0 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.7 

1.7 

-0.1 

0.2 

LOGAN 

20 

-0.1 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

1.5 

0.2 

0.1 

50 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.8 

2.2 

-0.2 

0.2 

80 

-0.2 

-0.2 

-0.2 

0.0 

-0.2 

0.0 

0.0 

0.0 

0.1 

1.7 

2.9 

0.7 

0.3 

90 

-0.3 

-0.2 

-0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

1.5 

3.6 

-0.5 

0.3 

MADISON  RIVER 

8 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

INFLOWS 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TO  HEBGEN 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RESERVOIR 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HEBGEN 

9 

Average 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RESERVOIR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

OUTFLOWS  TO 

20 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

MADISON  RIVER 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MADISON  RIVER 

10 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

BELOW 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ENNIS  LAKE 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.1 

MADSION  RIVER  11 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

1.4 

6.0 

6.8 

0.9 

1.2 

NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

0.7 

3.7 

5.0 

0.9 

0.8 

THREE  FORKS 

20 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

4.4 

3.8 

0.9 

0.8 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

1.6 

5.5 

7.6 

0.9 

1.2 

80 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.4 

1.5 

7.8 

10.9 

2.0 

1.4 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.6 

11.3 

14.8 

1.9 

1.8 

MISSOURI 

12 

Average 

-0.0 

-0.0 

-0.0 

0.0 

-0.0 

-0.0 

0.0 

0.1 

0.6 

3.6 

6.1 

0.7 

0.7 

RIVER  AT 

10 

-0.0 

-0.0 

-0.0 

0.0 

-0.0 

0.0 

0.0 

0.0 

0.2 

2.1 

4.6 

0.3 

0.4 

TOSTON 

20 

-0.0 

-0.0 

-0.0 

0.0 

0.0 

-0.0 

-0.0 

0.1 

0.6 

2.4 

5.2 

0.4 

0.6 

50 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

0.0 

0.0 

0.6 

3.7 

5.6 

0.5 

0.6 

80 

-0.1 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

0.0 

0.3 

0.8 

7.7 

9.0 

0.3 

0.8 

90 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

0.0 

-0.0 

0.0 

1.9 

11.6 

11.6 

1.3 

1.2 

C-30 


Combination  alternative  (continued) 
lyiODEL       % 
NODE     FLOW      OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

MISSOURI  RIVER  13 

Average 

-0.0 

-0.0 

-0.0 

-0.1 

-0.0 

0.0 

-0.0 

0.1 

0.8 

4.9 

8.6 

1.1 

0.9 

INFLOWS  TO 

10 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

0.0 

0.0 

0.3 

3.1 

5.6 

0.6 

0.6 

CANYON  FERRY 

20 

-0.1 

-0.0 

-0.0 

-0.0 

0.0 

-0.0 

0.0 

0.0 

0.8 

3.5 

5.8 

0.3 

0.7 

RESERVOIR 

50 

0.0 

-0.0 

-0.1 

-0.0 

-0.0 

-0.0 

-0.0 

0.0 

0.8 

5.7 

10.2 

1.7 

1.0 

80 

-0.1 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

0.0 

0.1 

2.7 

13.9 

19.0 

3.5 

1.7 

90 

-0.1 

-0.1 

-0.0 

-0.0 

-0.0 

-0.0 

-0.0 

0.1 

1.8 

15.9 

26.7 

3.9 

1.6 

CANYON  FERRY 

14 

Average 

0.8 

0.6 

0.8 

0.3 

0.4 

0.4 

0.4 

0.5 

0.5 

2.9 

2.3 

2.1 

0.9 

RESERVOIR 

10 

0.1 

0.1 

-0.0 

0.2 

0.3 

0.1 

0.1 

0.1 

0.1 

3.1 

2.1 

2.1 

0.7 

OUI  FLOWS  TO 

20 

-0.2 

-0.1 

-0.4 

0.3 

1.1 

0.3 

0.3 

0.3 

0.3 

3.3 

2.7 

1.9 

0.8 

MISSOURI  RIVER 

50 

0.1 

0.1 

0.1 

0.5 

0.4 

0.5 

0.4 

0.5 

0.4 

4.8 

0.0 

0.0 

0.7 

80 

3.2 

3.2 

3.2 

0.0 

0.0 

0.0 

3.7 

8.6 

7.9 

0.0 

0.0 

0.0 

2.6 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MAUSER  LAKE 

15 

Average 

0.8 

0.6 

0.8 

0.3 

0.4 

0.4 

0.4 

0.5 

0.5 

2.9 

2.3 

2.1 

0.9 

OUTFLOWS  TO 

10 

0.1 

-0.7 

-0.1 

0.1 

0.3 

0.1 

0.2 

0.1 

0.1 

3.2 

2.1 

2.1 

0.6 

MISSOURI  RIVER 

20 

-0.1 

-0.0 

-0.0 

0.3 

0.5 

0.3 

0.3 

0.3 

0.3 

3.2 

3.0 

1.3 

0.7 

50 

1.0 

0.7 

0.0 

0.5 

0.4 

0.3 

0.3 

0.8 

0.6 

5.1 

0.5 

1.4 

0.9 

80 

2.1 

3.2 

3.2 

0.0 

0.7 

0.0 

1.6 

7.2 

0.5 

0.0 

0.7 

0.4 

1.7 

90 

0.4 

3.7 

0.0 

0.0 

0.8 

0.0 

0.0 

0.0 

0.9 

0.1 

0.1 

0.3 

0.5 

MISSOURI 

16 

Average 

0.8 

0.6 

0.8 

0.3 

0.4 

0.4 

0.4 

0.5 

0.5 

3.0 

2.4 

2.0 

0.9 

RIVER 

10 

0.0 

0.1 

0.4 

0.2 

0.3 

0.1 

0.4 

0.1 

0.1 

3.0 

2.2 

2.0 

0.7 

INFLOWS  TO 

20 

-0.1 

0.0 

-0.3 

0.3 

0.1 

0.3 

0.3 

0.4 

0.2 

3.6 

3.0 

2.2 

0.7 

HOLTER  LAKE 

50 

0.2 

-0.0 

0.4 

0.3 

0.4 

0.4 

0.6 

0.3 

0.4 

4.6 

5.4 

0.0 

0.9 

80 

4.0 

3.1 

3.1 

0.0 

0.0 

0.2 

0.0 

2.5 

2.4 

1.3 

0.3 

0.2 

1.6 

90 

0.0 

0.0 

1.8 

0.0 

1.9 

0.0 

0.0 

0.0 

0.0 

0.8 

0.0 

0.2 

0.4 

HOLTER  LAKE 

17 

Average 

0.7 

0.6 

0.8 

0.3 

0.4 

0.4 

0.4 

0.5 

0.5 

3.0 

2.S 

2.1 

0.9 

OUTFLOWS 

10 

0.1 

-0.1 

1.4 

0.2 

0.2 

1.3 

0.4 

0.1 

0.1 

3.0 

2.1 

2.1 

0.9 

TO  MISSOURI 

20 

-0.7 

0.2 

0.2 

0.3 

0.4 

0.5 

0.3 

0.2 

0.2 

3.6 

3.0 

2.1 

0.8 

RIVER 

50 

0.8 

-0.0 

-0.0 

1.1 

0.0 

0.5 

0.4 

0.3 

0.2 

4.4 

1.6 

1.7 

0.8 

80 

3.7 

1.6 

1.5 

0.0 

0.0 

0.0 

0.2 

7.6 

1.1 

1.6 

1.2 

0.6 

1.7 

90 

0.0 

4.1 

1.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.4 

1.3 

1.6 

0.9 

SMITH  RIVER 

18 

Average 

-0.6 

-0.7 

0.0 

-1.0 

0.0 

0.0 

0.0 

0.0 

0.5 

2.7 

5.7 

2.9 

0.6 

NEAR 

10 

0.0 

0.0 

-0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.9 

3.2 

1.9 

0.2 

EDEN 

20 

0.0 

-0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

1.9 

5.4 

1.8 

0.4 

50 

-0.7 

-0.8 

-1.0 

0.0 

-0.8 

0.0 

0.0 

0.0 

0.6 

3.3 

4.8 

1.9 

0.4 

80 

-1.8 

-1.0 

-1.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.9 

7.0 

16.1 

4.8 

1.3 

90 

-1.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

2.3 

18.3 

41.7 

2.0 

1.8 

MISSOURI 

19 

Average 

0.6 

0.5 

0.7 

0.2 

0.3 

0.3 

0.3 

0.4 

0.5 

3.1 

2.9 

2.1 

0.9 

RIVER  NEAR 

10 

-0.0 

-0.7 

0.1 

0.2 

0.1 

0.1 

0.1 

0.2 

0.3 

2.8 

2.0 

1.0 

0.5 

ULM 

20 

-0.1 

-0.0 

-0.1 

0.7 

0.2 

0.5 

0.7 

0.3 

0.3 

3.6 

3.3 

2.1 

0.9 

50 

0.0 

0.5 

0.5 

0.1 

0.3 

0.4 

0.5 

0.5 

1.8 

4.4 

2.3 

1.3 

1.0 

80 

2.4 

1.6 

2.2 

-0.1 

0.2 

1.4 

-0.0 

0.5 

1.3 

2.5 

1.4 

0.5 

1.1 

90 

1.3 

-0.1 

1.5 

-0.1 

-0.1 

-0.0 

-0.0 

0.0 

0.5 

1.9 

2.3 

0.9 

0.6 

MUDDY 

20 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.3 

3.4 

2.4 

1.7 

1.6 

CREEK 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

2.7 

1.5 

2.4 

1.1 

AT 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

1.4 

2.6 

2.4 

1.8 

1.3 

VAUGHN 

50 

0.0 

0.0 

2.3 

0.0 

0.0 

0.0 

0.0 

0.8 

1.8 

3.5 

2.0 

0.5 

1.6 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.3 

5.7 

3.3 

2.3 

2.2 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.5 

2.6 

5.0 

4.6 

1.9 

2.7 

C-31 


Combination  alternative  (continued) 

• 

MODEL 

% 

NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

SUN  RIVER 

21 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.3 

3.0 

2.6 

0.9 

0.6 

NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

1.4 

1.8 

0.2 

0.3 

VAUGHN 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

2.3 

2.4 

0.7 

0.4 

50 

0.0 

0.0 

0.4 

0.0 

0.0 

0.0 

0.0 

0.2 

0.4 

4.7 

2.6 

1.6 

0.9 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

1.3 

10.4 

3.8 

0.7 

1.5 

90 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.3 

1.5 

52.4 

8.0 

0.4 

2.2 

MISSOURI 

22 

Average 

0.6 

0.4 

0.7 

0.2 

0.3 

0.3 

0.3 

0.3 

0.5 

3.1 

2.9 

2.0 

0.9 

RIVER  AT 

10 

0.1 

-0.7 

-0.0 

0.2 

-1.3 

0.5 

0.5 

0.2 

0.7 

2.7 

2.5 

2.1 

0.6 

BLACK  EAGLE 

20 

-0.0 

0.1 

-0.0 

0.1 

0.4 

0.4 

0.7 

0.3 

0.4 

3.1 

5.8 

1.0 

0.9 

DAM 

50 

-0.1 

-0.1 

0.6 

0.1 

0.6 

0.4 

0.6 

0.4 

1.4 

5.4 

4.2 

3.8 

1.2 

80 

1.2 

1.5 

2.7 

-0.1 

-0.0 

1.3 

-0.0 

0.2 

0.7 

1.7 

1.6 

0.8 

0.9 

90 

2.6 

-0.1 

1.1 

-0.1 

-0.0 

-0.0 

-0.0 

0.1 

0.7 

2.3 

3.0 

1.5 

0.9 

MISSOURI 

23 

Average 

0.5 

0.4 

0.7 

0.2 

0.2 

0.3 

0.3 

0.3 

0.5 

2.9 

2.7 

1.9 

0.8 

RIVER  BELOW 

10 

0.1 

-0.7 

-0.0 

0.1 

-1.3 

0.5 

0.5 

0.1 

0.7 

2.6 

2.4 

2.0 

0.6 

MORONY 

20 

-0.0 

0.1 

-0.0 

0.1 

0.4 

0.3 

0.6 

0.3 

0.3 

3.0 

5.5 

0.9 

0.9 

DAM 

50 

-0.0 

-0.1 

0.6 

0.1 

0.5 

0.3 

0.6 

0.4 

1.3 

5.0 

3.8 

3.5 

1.2 

80 

1.1 

1.4 

2.5 

-0.0 

-0.0 

1.2 

-0.0 

0.2 

0.7 

1.6 

1.5 

0.7 

0.9 

90 

2.4 

-0.1 

1.0 

-0.1 

-0.0 

-0.0 

-0.0 

0.1 

0.7 

2.1 

2.7 

1.4 

0.8 

MISSOURI 

24 

Average 

0.5 

0.4 

0.6 

0.2 

0.3 

0.3 

0.3 

0.4 

1.0 

4.6 

4.3 

2.5 

1.2 

RIVER  AT 

10 

-0.1 

-1.3 

-0.1 

0.0 

0.0 

0.1 

0.1 

0.2 

0.9 

4.0 

2.8 

2.0 

0.8 

FORT  BENTON 

20 

-0.0 

-0.0 

-0.0 

0.2 

0.3 

0.2 

0.3 

0.2 

0.8 

3.9 

3.4 

2.2 

0.9 

50 

0.6 

0.4 

0.5 

0.0 

0.4 

0.4 

0.3 

0.6 

2.0 

6.7 

4.3 

5.0 

1.6 

80 

-0.5 

1.5 

0.9 

-0.1 

0.0 

1.1 

-0.0 

0.7 

1.8 

5.7 

3.8 

2.4 

1.3 

90 

-0.1 

-0.1 

1.8 

-0.0 

-0.1 

-0.0 

-0.0 

0.4 

3.5 

7.8 

5.9 

1.8 

1.7 

TETON  RIVER 

25 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.9 

4.6 

5.1 

2.7 

0.8 

NEAR 

10 

-0.9 

-0.1 

0.0 

0.0 

-0.2 

0.0 

0.0 

0.0 

0.1 

2.2 

9.0 

-1.1 

0.4 

LOMA 

20 

-1.9 

-0.5 

-0.4 

-0.4 

0.0 

-0.1 

0.0 

0.3 

0.5 

5.3 

63.4 

10.5 

1.3 

50 

0.0 

0.0 

-1.0 

0.0 

0.0 

0.0 

0.0 

0.3 

1.3 

81.0 

0.0 

0.0 

2.2 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31.5 

0.0 

0.0 

0.0 

14.3 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MARIAS  RIVER 

26 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.3 

1.8 

3.2 

1.4 

0.4 

INFLOWS 

10 

0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.5 

1.5 

1.2 

0.2 

TO  TIBER 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

1.6 

3.4 

1.7 

0.4 

RESERVOIR 

50 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

2.3 

3.2 

3.7 

0.7 

80 

0.7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.1 

3.3 

16.8 

9.8 

0.9 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

1.4 

15.4 

0.0 

0.0 

1.2 

TIBER 

27 

Average 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.2 

0.1 

0.2 

-0.8 

0.7 

0.7 

0.7 

0.1 

RESERVOIR 

10 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.3 

0.1 

0.4 

0.4 

0.4 

0.2 

OUTFLOWS 

20 

-0.2 

-0.2 

-0.2 

-0.2 

-0.2 

0.3 

0.3 

0.2 

0.3 

0.4 

0.4 

0.4 

0.2 

TO  MARIAS 

50 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.6 

0.0 

0.5 

0.5 

0.5 

0.3 

RIVER 

80 

0.3 

0.2 

0.2 

0.2 

0.2 

0.0 

0.0 

0.0 

0.0 

1.3 

1.3 

1.3 

0.7 

90 

0.0 

0.3 

0.3 

0.3 

0.3 

0.0 

0.0 

0.0 

0.0 

1.8 

1.8 

1.8 

0.7 

MARIAS  RIVER 

28 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.1 

0.8 

1.4 

5.1 

4.2 

2.3 

1.4 

NEAR 

10 

-0.2 

-0.1 

0.0 

0.0 

-0.1 

0.2 

0.0 

1.0 

0.3 

2.2 

1.8 

0.7 

0.6 

LOMA 

20 

0.0 

0.0 

-0.1 

-0.1 

0.0 

0.3 

0.2 

0.6 

2.0 

3.4 

1.9 

1.9 

1.1 

50 

-0.1 

0.0 

0.0 

-0.2 

0.0 

0.0 

0.3 

0.6 

2.9 

6.1 

7.7 

2.7 

2.2 

80 

0.0 

0.3 

0.0 

0.0 

0.4 

0.0 

0.8 

1.0 

12.1 

10.6 

8.1 

5.9 

4.2 

90 

0.0 

0.3 

1.0 

0.9 

0.6 

0.0 

0.4 

4.9 

17.1 

24.6 

13.1 

11.1 

6.7 

C-32 


Combination  alternative  (continued) 
MODEL      % 
NODE     FLOW      OCT 

NOV 

DEC 

JAN 

FEB 

KXAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVC 

MISSOURI 

29 

Average 

0.5 

0.3 

0.6 

0.2 

0.2 

0.3 

0.3 

0.5 

1.2 

5.5 

5.1 

2.8 

1.^ 

RIVER  AT 

10 

-0.1 

-0.2 

0.0 

0.2 

-0.7 

0.1 

0.4 

0.2 

1.1 

4.4 

3.3 

2.0 

1.( 

VIRGELLE 

20 

-0.0 

0.0 

-0.0 

0.1 

0.2 

0.9 

0.2 

0.3 

1.2 

5.2 

5.0 

2.9 

1.: 

50 

0.5 

0.1 

0.8 

0.3 

0.6 

0.3 

0.3 

0.5 

1.5 

7.6 

5.2 

2.8 

i.{ 

80 

0.6 

1.1 

0.8 

-0.1 

0.0 

0.2 

0.0 

0.9 

2.5 

9.1 

6.0 

4.0 

i.( 

90 

1.5 

-0.1 

2.7 

-0.0 

3.8 

-0.0 

0.0 

0.8 

3.7 

8.6 

7.2 

2.6 

2.i 

MOUTH 

30 

Average 

-0.5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

1.7 

6.0 

6.4 

1.5 

1.! 

OF  JUDITH 

10 

-0.3 

-0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

0.5 

3.9 

3.5 

1.2 

0.( 

RIVER 

20 

-0.4 

-0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.2 

3.8 

4.2 

0.3 

0.) 

50 

-0.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

5.8 

5.4 

0.7 

1.( 

80 

-0.4 

-0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

1.7 

4.8 

12.7 

11.3 

2.5 

2.( 

90 

-0.9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.6 

6.4 

14.3 

15.0 

4.2 

3.; 

MISSOURI 

31 

Average 

0.4 

0.3 

0.5 

0.2 

0.2 

0.2 

0.3 

0.5 

1.1 

5.2 

5.2 

2.7 

1.; 

RIVER  NEAR 

10 

-0.1 

-0.1 

-0.1 

0.1 

-0.3 

0.2 

0.1 

0.5 

0.9 

4.2 

3.1 

2.0 

i.( 

LANDUSKY 

20 

-0.0 

-0.0 

1.4 

0.3 

0.1 

0.4 

0.4 

0.3 

0.8 

4.7 

6.4 

1.4 

1.; 

50 

0.7 

-0.3 

-0.1 

0.3 

0.5 

0.2 

0.3 

0.2 

1.8 

6.2 

5.4 

2.4 

1.' 

80 

1.3 

1.7 

0.9 

-0.1 

-0.0 

-0.0 

0.6 

1.1 

2.5 

10.9 

6.6 

3.8 

2.; 

90 

-0.1 

0.2 

-0.0 

-0.1 

-0.0 

0.4 

-0.0 

0.8 

4.8 

9.2 

8.3 

6.2 

2.; 

MUSSELSHELL 

32 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

RIVER  AT 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

MOSBY 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

BIG  DRY 

33 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

CREEK 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

NEAR  MOUTH 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

MISSOURI 

34 

Average 

0.4 

0.3 

0.6 

0.2 

0.2 

0.2 

0.2 

0.5 

1.1 

4.9 

5.0 

2.6 

1.; 

RIVER  INFLOWS 

10 

-0.1 

0.0 

-0.1 

-0.7 

-0.8 

0.0 

0.2 

0.2 

0.8 

3.8 

3.8 

4.5 

1.1 

TO  FORT  PECK 

20 

-1.1 

-0.5 

-0.0 

0.1 

0.3 

0.2 

0.2 

0.3 

0.8 

4.0 

4.5 

2.5 

0.! 

RESERVOIR 

50 

0.1 

0.5 

-2.2 

0.7 

0.3 

-0.3 

0.2 

0.6 

1.9 

5.7 

5.9 

2.4 

1.; 

80 

1.7 

-0.0 

2.0 

-0.0 

0.0 

0.1 

0.1 

0.2 

2.0 

8.4 

7.4 

4.1 

1.1 

90 

0.0 

1.4 

3.7 

-0.1 

1.4 

-0.0 

0.2 

0.6 

4.2 

11.9 

8.8 

6.4 

3.1 

FORT  PECK 

35 

Average 

1.3 

1.4 

1.3 

1.4 

1.4 

1.4 

1.3 

1.4 

1.6 

1.2 

1.3 

1.5 

1.< 

RESERVOIR 

10 

1.0 

1.0 

0.0 

0.6 

0.9 

1.1 

1.1 

1.1 

1.2 

0.8 

-0.4 

0.9 

0. 

OUTFLOWS  TO 

20 

1.2 

1.2 

1.3 

1.2 

1.2 

1.2 

1.2 

1.2 

1.3 

1.0 

1.1 

1.3 

1.; 

MISSOURI  RIVER 

50 

1.2 

1.2 

1.3 

2.5 

2.5 

2.5 

2.6 

2.6 

2.9 

1.2 

1.2 

1.3 

1.' 

80 

1.7 

1.7 

1.8 

6.6 

6.3 

0.0 

0.0 

0.0 

0.0 

1.2 

1.2 

1.2 

1.' 

90 

3.3 

3.4 

3.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.5 

,1.6 

1.8 

1.: 

INSTREAM  ALTERNATIVE 
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lyiODEL       % 

NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

BIG  HOLE               1 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RIVER  NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MELROSE 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

BEAVERHEAD        2 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RIVER 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ABOVE  DILLON 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

BEAVERHEAD        3 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RIVER  NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TWIN 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

BRIDGES 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MOUTH  OF             4 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RUBY  RIVER 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

JEFFERSON           5 

Average 

0.0 

d.o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RIVER  NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TWIN  BRIDGES 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

'0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

- 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

JEFFERSON           6 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RIVER  NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

THREE  FORKS 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

GALLATIN               7 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

RIVER  NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

LOGAN 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MADISON  RIVER   8 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

INFLOWS 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TO  HEBGEN 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RESERVOIR 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

C-34 


Instream  alternative  (continued) 

MODEL       % 

NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

HEBGEN 

9 

Average 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

RESERVOIR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

OUTFLOWS  TO 

20 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

MADISON  RIVER 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MADISON  RIVER 

10 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

BELOW 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

ENNIS  LAKE 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.1 

MADSION  RIVER 

11 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

THREE  FORKS 

20 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

MISSOURI 

12 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.0 

0.0 

RIVER  AT 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.0 

TOSTON 

20 

-0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.0 

0.0 

50 

0.0 

-0.0 

0.0 

0.0 

0.0 

-0.0 

0.0 

0.0 

0.0 

0.1 

0.2 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.2 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.3 

0.4 

0.0 

0.0 

MISSOURI  RIVER  13 

Average 

0.0 

-0.0 

-0.0 

-0.0 

-0.0 

0.0 

0.0 

0.0 

0.2 

1.4 

2.5 

0.5 

0.3 

INFLOWS  TO 

10 

-0.0 

-0.0 

-0.0 

0.0 

0.0 

-0.0 

0.0 

0.0 

0.1 

0.9 

1.6 

0.2 

0.2 

CANYON  FERRY 

20 

-0.0 

-0.0 

0.0 

-0.0 

0.0 

-0.0 

0.0 

0.0 

0.2 

1.0 

1.5 

0.1 

0.2 

RESERVOIR 

50 

0.0 

-0.0 

-0.0 

-0.0 

0.0 

0.0 

-0.0 

0.0 

0.2 

1.7 

3.2 

0.8 

0.3 

80 

-0.0 

-0.0 

-0.0 

0.0 

0.0 

-0.0 

0.0 

0.0 

0.8 

4.1 

6.0 

1.3 

0.5 

90 

-0.0 

-0.0 

0.0 

0.0 

-0.0 

0.0 

-0.0 

0.1 

0.4 

4.2 

10.4 

1.7 

0.5 

CANYON  FERRY 

14 

Average 

0.2 

0.2 

0.4 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.9 

0.3 

0.7 

0.3 

RESERVOIR 

10 

0.1 

0.0 

-0.0 

0.1 

0.1 

0.0 

0.0 

0.0 

0.0 

0.9 

0.6 

0.6 

0.2 

OUTFLOWS  TO 

20 

-0.1 

0.0 

-0.0 

0.1 

0.4 

0.1 

0.1 

0.1 

0.1 

1.0 

0.8 

0.8 

0.2 

MISSOURI  RIVER 

50 

-0.0 

0.0 

-0.0 

0.1 

0.1 

0.1 

0.1 

0.2 

0.1 

1.3 

0.0 

0.0 

0.2 

80 

0.9 

0.9 

0.9 

0.0 

0.0 

0.0 

1.5 

1.4 

1.4 

0.0 

0.0 

0.0 

0.6 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

HAUSER  LAKE 

15 

Average 

0.2 

0.2 

0.4 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.9 

0.4 

0.7 

0.3 

OUTFLOWS  TO 

10 

0.0 

-0.2 

-0.0 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.9 

0.6 

0.6 

0.2 

MISSOURI  RIVER 

20 

-0.1 

0.0 

-0.0 

0.1 

0.2 

0.1 

0.1 

0.1 

0.1 

0.9 

1.0 

0.8 

0.2 

50 

0.2 

0.2 

0.0 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

1.4 

0.0 

0.4 

0.2 

80 

0.6 

1.0 

0.9 

0.0 

0.0 

0.0 

1.0 

1.4 

0.4 

0.0 

0.0 

0.4 

0.5 

90 

0.4 

2.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.3 

0.3 

MISSOURI 

16 

Average 

0.3 

0.2 

0.4 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.9 

0.4 

0.6 

0.3 

RIVER 

10 

0.0 

0.0 

0.4 

0.1 

0.1 

0.1 

0.1 

0.0 

0.1 

0.9 

0.6 

0.6 

0.2 

INFLOWS  TO 

20 

0.0 

0.1 

-0.0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

1.0 

1.0 

0.8 

0.2 

HOLTER  LAKE 

50 

0.0 

-0.0 

0.2 

0.1 

0.1 

0.1 

0.2 

0.1 

0.1 

1.2 

0.6 

0.0 

0.2 

80 

1.2 

1.0 

1.1 

0.0 

0.0 

0.0 

0.0 

0.8 

0.3 

0.8 

0.0 

0.2 

0.5 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.0 

0.2 

0.0 

C-35 


Instream  alternative  (continued) 

y 

MODEL       % 

NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

HOLIER  LAKE 

17 

Average 

0.2 

0.2 

0.4 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.9 

0.4 

0.6 

0.3 

OUIhLOWS 

10 

0.1 

-0.0 

1.4 

0.1 

0.1 

0.4 

0.1 

0.0 

0.1 

0.9 

0.6 

0.6 

0.3 

TO  MISSOURI 

20 

-0.0 

0.0 

0.1 

0.1 

0.2 

0.1 

0.1 

0.0 

0.1 

1.0 

1.0 

0.8 

0.2 

RIVER 

50 

0.2 

0.0 

-0.0 

0.3 

0.0 

0.2 

0.1 

0.1 

0.1 

1.5 

0.1 

0.0 

0.2 

80 

1.1 

0.4 

0.4 

0.0 

0.0 

0.0 

0.1 

1.0 

0.6 

1.0 

0.0 

0.6 

0.4 

90 

0.0 

3.2 

0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.0 

1.6 

0.5 

SMITH  RIVER 

18 

Average 

-0.6 

0.0 

0.0 

-1.0 

0.0 

0.0 

0.0 

0.0 

0.3 

2.0 

4.3 

2.2 

0.6 

NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

2.1 

1.2 

0.2 

EDEN 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

1.3 

4.0 

1.2 

0.2 

50 

0.0 

-0.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

2.3 

3.2 

1.9 

0.4 

80 

-0.9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.7 

4.7 

12.5 

3.2 

1.3 

90 

-1.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.6 

13.3 

29.2 

2.0 

1.8 

MISSOURI 

19 

Average 

0.2 

0.2 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

1.3 

1.0 

0.8 

0.3 

RIVER  NEAR 

10 

-0.0 

-0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

1.0 

0.5 

0.2 

0.2 

ULM 

20 

-0.0 

0.0 

0.0 

0.3 

0.2 

0.1 

0.2 

0.1 

0.1 

1.3 

1.3 

1.1 

0.3 

50 

0.0 

0.1 

0.1 

0.0 

0.1 

0.1 

0.2 

0.1 

0.2 

1.6 

0.9 

0.3 

0.3 

80 

0.9 

0.0 

0.7 

-0.0 

-0.0 

0.3 

-0.0 

0.1 

0.6 

0.9 

1.0 

0.4 

0.4 

90 

-0.1 

-0.1 

1.3 

-0.0 

-0.0 

0.0 

-0.0 

0.0 

0.4 

1.1 

1.2 

0.8 

0.3 

MUDDY 

20 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.3 

3.4 

2.4 

1.7 

1.6 

CREEK 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

2.7 

1.5 

2.4 

1.1 

AT 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

1.4 

2.6 

2.4 

1.8 

1.3 

VAUGHN 

50 

0.0 

0.0 

2.3 

0.0 

0.0 

0.0 

0.0 

0.8 

1.8 

3.5 

2.0 

0.5 

1.6 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.3 

5.7 

3.3 

2.3 

2.2 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.5 

2.6 

5.0 

4.6 

1.9 

2.7 

SUN  RIVER 

21 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.2 

1.6 

1.6 

0.7 

0.3 

NEAR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.7 

1.1 

0.2 

0.1 

VAUGHN 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

1.2 

1.5 

0.6 

0.2 

50 

0.0 

0.0 

0.4 

0.0 

0.0 

0.0 

0.0 

0.1 

0.2 

2.3 

1.6 

1.2 

0.5 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.6 

5.4 

2.2 

0.7 

0.6 

90 

0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

0.8 

26.2 

4.9 

0.4 

1.3 

MISSOURI 

22 

Average 

0.2 

0.2 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

1.3 

1.0 

0.8 

0.3 

RIVER  AT 

10 

0.0 

-0.0 

-0.0 

0.0 

-0.0 

0.1 

0.1 

0.1 

0.3 

1.1 

1.0 

0.7 

0.3 

BLACK  EAGLE 

20 

-0.0 

0.0 

-0.0 

0.0 

0.1 

0.1 

0.2 

0.1 

0.2 

1.2 

1.2 

0.1 

0.3 

DAM 

50 

-0.0 

-0.2 

0.1 

0.0 

0.2 

0.1 

0.1 

0.1 

0.6 

2.1 

0.7 

1.2 

0.4 

80 

0.2 

0.2 

0.8 

-0.0 

-0.0 

0.3 

-0.0 

0.1 

0.2 

1.2 

1.2 

0.6 

0.3 

90 

1.7 

-0.1 

0.7 

-0.0 

-0.0 

-0.0 

0.0 

0.1 

0.5 

1.1 

0.9 

1.5 

0.5 

MISSOURI 

23 

Average 

0.2 

0.2 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

1.2 

0.9 

0.7 

0.3 

RIVER  BELOW 

10 

0.0 

-0.0 

-0.0 

0.0 

-0.0 

0.1 

0.1 

0.0 

0.3 

1.0 

0.9 

0.7 

0.3 

MORONY 

20 

-0.0 

0.0 

-0.0 

0.0 

0.1 

0.1 

0.2 

0.1 

0.2 

1.1 

1.1 

0.1 

0.2 

DAM 

50 

-0.0 

-0.2 

0.1 

0.0 

0.2 

0.1 

0.1 

0.1 

0.6 

1.9 

0.7 

1.1 

0.4 

80 

0.2 

0.2 

0.7 

-0.0 

0.0 

0.3 

-0.0 

0.1 

0.2 

1.1 

1.1 

0.5 

0.3 

90 

1.5 

-0.1 

0.6 

-0.0 

-0.0 

0.0 

0.0 

0.0 

0.4 

1.0 

0.8 

1.4 

0.5 

MISSOURI 

24 

Average 

0.2 

0.2 

0.3 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

1.2 

1.0 

0.7 

0.3 

RIVER  AT 

10 

-0.0 

-0.0 

-0.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

1.1 

0.9 

0.6 

0.2 

FORT  BENTON 

20 

-0.0 

0.0 

-0.0 

0.1 

0.1 

0.0 

0.1 

0.0 

0.2 

1.1 

1.1 

1.8 

0.3 

50 

0.3 

0.1 

0.2 

0.0 

0.1 

0.1 

0.1 

0.1 

0.1 

1.8 

0.9 

1.6 

0.4 

80 

-0.3 

0.2 

0.2 

-0.0 

0.0 

0.3 

-0.0 

0.1 

0.2 

2.0 

1.1 

0.6 

0.3 

90 

-0.1 

-0.0 

1.4 

-0.0 

-0.0 

-0.0 

-0.0 

0.1 

0.7 

1.8 

1.1 

0.7 

0.5 
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Instream  alternative  (continued) 

MODEL       % 

NODE 

FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVC 

TETON  RIVER 

25 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.9 

4.3 

5.1 

2.7 

O.t 

NEAR 

10 

-0.4 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

2.1 

9.0 

-1.1 

0.^ 

LOMA 

20 

0.0 

-0.5 

-0.4 

-0.4 

0.0 

-0.1 

0.0 

0.3 

0.5 

5.2 

63.4 

10.5 

1.J 

50 

0.0 

0.0 

-1.0 

0.0 

0.0 

0.0 

0.0 

0.3 

1.3 

78.6 

0.0 

0.0 

2.5 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

31.5 

0.0 

0.0 

0.0 

14.; 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

MARIAS  RIVER 

26 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.5 

0.9 

0.4 

0.- 

INFLOWS 

10 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.5 

0.3 

0.' 

TO  TIBER 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

1.0 

0.4 

0." 

RESERVOIR 

SO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.6 

0.9 

1.4 

O.- 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

1.0 

4.2 

2.4 

O.J 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.4 

4.0 

0.0 

0.0 

0.: 

TIBER 

27 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.2 

0.2 

0.2 

0.( 

RESERVOIR 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.- 

OUTFLOWS 

20 

-0.1 

-0.1 

-0.1 

-0.1 

-0.1 

0.2 

0.1 

0.0 

0.1 

0.1 

0.1 

0.1 

0.( 

TO  MARIAS 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.0 

0.2 

0.2 

0.2 

0.- 

RIVER 

80 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

0.4 

0.4 

0.; 

90 

0.0 

0.3 

0.3 

0.3 

0.3 

0.0 

0.0 

0.0 

0.0 

0.4 

0.4 

0.4 

0.; 

MARIAS  RIVER 

28 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

0.0 

0.1 

0.4 

0.9 

0.7 

0.4 

0.i 

NEAR 

10 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

0.2 

0.0 

0.3 

0.3 

0.1 

0.' 

LOMA 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.2 

0.6 

0.3 

0.4 

0.: 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.4 

1.0 

1.0 

0.6 

0.' 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

2.2 

1.8 

1.9 

0.9 

0.1 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.8 

3.0 

4.4 

2.5 

2.4 

i.i 

MISSOURI 

29 

Average 

0.1 

0.1 

0.2 

0.0 

0.0 

0.1 

0.1 

0.1 

0.3 

1.5 

1.1 

0.8 

0.' 

RIVER  AT 

10 

-0.1 

-0.0 

0.0 

0.1 

0.0 

0.0 

0.1 

0.1 

0.3 

1.3 

1.0 

0.5 

0.; 

VIRGELLE 

20 

-0.0 

0.0 

-0.0 

0.0 

0.1 

0.3 

0.1 

0.1 

0.3 

1.3 

1.1 

0.8 

0.; 

50 

0.1 

0.0 

0.1 

0.2 

0.2 

0.1 

0.1 

0.1 

0.4 

2.1 

0.8 

0.6 

0.' 

80 

0.1 

0.3 

0.2 

-0.0 

0.0 

0.1 

0.0 

0.2 

0.7 

2.3 

1.4 

1.0 

0.! 

90 

-0.0 

-0.0 

1.0 

-0.0 

0.0 

-0.0 

0.0 

0.1 

0.9 

2.0 

1.5 

1.3 

0.! 

MOUTH 

30 

Average 

-0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.7 

2.4 

2.5 

0.7 

0.( 

OF  JUDITH 

10 

-0.2 

-0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.2 

1.5 

1.3 

0.5 

0.; 

RIVER 

20 

-0.2 

-0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

1.4 

1.7 

0.2 

0.; 

50 

-0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

2.3 

2.2 

0.4 

0.! 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.7 

1.7 

4.9 

3.8 

1.3 

1. 

90 

-0.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

3.0 

6.0 

6.2 

1.3 

1.; 

MISSOURI 

31 

Average 

0.1 

0.1 

0.2 

0.1 

0.1 

0.1 

0.1 

0.1 

0.3 

1.5 

1.3 

0.8 

0.' 

RIVER  NEAR 

10 

0.0 

-0.0 

-0.0 

0.0 

0.0 

0.1 

0.0 

0.1 

0.3 

1.3 

1.0 

0.5 

0.; 

LANDUSKY 

20 

0.0 

-0.0 

0.0 

0.1 

0.0 

0.1 

0.1 

0.1 

0.2 

1.4 

1.1 

0.5 

0.; 

50 

0.2 

-0.1 

-0.0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.5 

1.7 

1.2 

0.6 

0.' 

80 

0.4 

0.9 

0.2 

-0.0 

-0.0 

-0.0 

0.2 

0.2 

0.7 

2.9 

1.7 

1.1 

0.( 

90 

-0.0 

-0.1 

-0.0 

-0.0 

-0.0 

-0.0 

0.0 

0.2 

1.1 

2.6 

2.0 

2.0 

0.( 

MUSSELSHELL 

32 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

RIVER  AT 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

MOSBY 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.( 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.t 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.t 
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Instream  alternative  (continued)  . 
MODEL       % 
NODE     FLOW 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

BIG  DRY 

33 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CREEK 

10 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

NEAR  MOUTH 

20 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

MISSOURI 

34 

Average 

0.1 

0.1 

0.3 

0.1 

0.0 

0.0 

0.1 

0.1 

0.3 

1.4 

1.2 

0.7 

0.3 

RIVER  INFLOWS 

10 

-0.0 

0.0 

-0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2 

1.1 

1.0 

1.3 

0.3 

TO  FORT  PECK 

20 

-0.1 

-0.2 

-0.0 

0.0 

0.1 

0.1 

0.0 

0.1 

0.3 

0.9 

1.3 

0.7 

0.3 

RESERVOIR 

50 

0.0 

0.1 

-0.0 

0.2 

0.1 

0.0 

0.1 

0.1 

0.4 

1.6 

1.6 

1.5 

0.4 

80 

0.5 

0.0 

0.6 

-0.0 

-0.0 

0.0 

0.0 

0.1 

0.7 

2.3 

1.9 

1.8 

0.6 

90 

0.0 

0.4 

-0.1 

-0.1 

-0.0 

-0.0 

0.0 

0.1 

1.1 

3.0 

2.2 

0.9 

0.6 

FORT  PECK 

35 

Average 

0.4 

0.4 

0.3 

0.4 

0.4 

0.4 

0.4 

0.4 

0.5 

0.3 

0.2 

0.4 

0.4 

RESERVOIR 

10 

0.3 

0.3 

0.0 

0.2 

0.2 

0.3 

0.3 

0.3 

0.3 

0.2 

-1.4 

0.3 

0.1 

OUTFLOWS  TO 

20 

0.3 

0.4 

0.4 

0.3 

0.3 

0.3 

0.3 

0.3 

0.4 

0.3 

0.3 

0.5 

0.3 

MISSOURI  RIVER 

50 

0.3 

0.3 

0.3 

1.2 

1.2 

1.2 

1.2 

1.2 

1.4 

0.4 

0.4 

0.3 

0.6 

80 

0.5 

0.5 

0.6 

2.1 

2.2 

0.0 

0.0 

0.0 

0.0 

0.3 

0.3 

0.3 

0.5 

90 

1.1 

1.2 

1.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

0.4 

0.5 

0.5 
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Table  C-4.  Monthly  reservoir  elevations,  contents,  and  energy  produclton 


BASEUNE  RUN 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Hebgen  Operations 

Contents  (kaf): 

Average 

298 

267 

263 

262 

265 

262 

258 

296 

339 

341 

336 

319 

292 

10th% 

312 

269 

264 

263 

267 

276 

288 

334 

360 

372 

368 

351 

310 

20th% 

304 

268 

263 

263 

266 

270 

278 

320 

357 

370 

351 

321 

303 

50th% 

294 

267 

263 

262 

266 

261 

255 

300 

345 

329 

325 

313 

290 

80th% 

292 

266 

262 

262 

265 

252 

236 

267 

314 

317 

323 

310 

280 

90th% 

291 

265 

262 

262 

264 

248 

226 

258 

310 

314 

321 

304 

277 

Elevations  (feet): 

Average 

6528 

6525 

6524 

6524 

6525 

6524 

6524 

6527 

6531 

6531 

6531 

6529 

6527 

10th% 

6529 

6525 

6524 

6524 

6525 

6525 

6527 

6531 

6533 

6534 

6533 

6532 

6528 

20th% 

6528 

6525 

6524 

6524 

6525 

6525 

6526 

6530 

6533 

6534 

6532 

6530 

6528 

50th% 

6527 

6525 

6524 

6524 

6525 

6524 

6523 

6528 

6532 

6530 

6530 

6529 

6527 

80th% 

6527 

6525 

6524 

6524 

6524 

6523 

6522 

6525 

6529 

6529 

6530 

6529 

6526 

90th% 

6527 

6525 

6524 

6524 

6524 

6523 

6521 

6524 

6529 

6529 

6530 

6528 

6526 

Madison  Operations 

Energy  Production  (GWHr): 


Average 

6 

6 

5 

6 

6 

7 

7 

6 

6 

6 

10tli% 

7 

7 

6 

7 

7 

7 

7 

7 

7 

7 

20th% 

7 

7 

6 

7 

7 

7 

7 

7 

7 

7 

50tli% 

6 

6 

5 

7 

7 

7 

7 

7 

6 

6 

80tli% 

5 

5 

4 

6 

6 

7 

7 

6 

4 

5 

90tli% 

5 

4 

4 

5 

5 

6 

7 

4 

4 

5 

Toston  Operations 

Energy  Production  (GWHr): 

Average 

5 

5 

4 

4 

4 

4 

6 

7 

7 

5 

3' 

4 

10th% 

7 

6    , 

5 

5 

4 

5 

7 

7 

7 

7 

4 

5 

20th% 

6 

6 

5 

4 

4 

5 

7 

7 

7 

7 

3 

5 

50th% 

5 

5 

4 

4 

4 

4 

6 

7 

7 

5 

3 

3 

80th% 

4 

4 

4 

3 

3 

4 

5 

6 

7 

2 

1 

2 

90th% 

4 

4 

3 

3 

3 

3 

4 

5 

6 

2 

1 

2 

Average  generation  (mw): 

Average 

7 

7 

6 

5 

5 

6 

8 

9 

10 

6 

4 

5 

10th% 

9 

9 

7 

6 

6 

7 

10 

10 

10 

10 

6 

7 

20th% 

8 

8 

6 

6 

6 

7 

10 

10 

10 

9 

5 

6 

50th% 

6 

7 

6 

5 

5 

6 

8 

10 

10 

7 

3 

5 

80th% 

5 

6 

5 

4 

5 

5 

7 

8 

10 

3 

2 

3 

90th% 

5 

6 

5 

4 

4 

4 

6 

7 

8 

3 

1 

3 

Spills  (kaf): 

Average 

2 

2 

0 

0 

0 

0 

19 

161 

308 

28 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

47 

404 

668 

95 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

15 

285 

594 

3 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

106 

290 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C-39 


Baseline  run  (continued) 

y 

OCT 

-   NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Canyon  Ferry  Operations 

Energy  Production  (GWHr): 

Average 

34 

34 

35 

30 

28 

35 

33 

35 

35 

30 

24 

25 

32 

10th% 

40 

41 

45 

43 

38 

44 

41 

45 

43 

45 

39 

38 

42 

20th% 

40 

41 

43 

40 

34 

43 

40 

43 

43 

45 

32 

32 

40 

50th% 

37 

35 

36 

30 

28 

37 

36 

39 

41 

31 

19 

21 

32 

80th% 

28 

27 

28 

22 

21 

23 

21 

22 

21 

19 

18 

20 

22 

90th% 

21 

21 

22 

21 

20 

21 

18 

18 

17 

17 

16 

17 

19 

Contents  (l«if): 

Average 

1616 

1629 

1571 

1520 

1484 

1424 

1410 

1552 

1845 

1789 

1659 

1613 

1593 

10th% 

1808 

1812 

1746 

1731 

1750 

1711 

1766 

1862 

1947 

1912 

1824 

1796 

1805 

20th% 

1765 

1788 

1699 

1652 

1629 

1623 

1617 

1787 

1947 

1912 

1799 

1747 

1747 

50th% 

1703 

1705 

1644 

1569 

1554 

1471 

1428 

1584 

1947 

1912 

1759 

1714 

1666 

80th% 

1592 

1594 

1566 

1499 

1381 

1272 

1223 

1375 

1928 

1768 

1652 

1608 

1538 

90th% 

1262 

1254 

1236 

1212 

1168 

1190 

1035 

1230 

1660 

1528 

1383 

1267 

1285 

Elevations  (feet): 

Average 

3786 

3786 

3784 

3782 

3781 

3779 

3779 

3784 

3793 

3791 

3787 

3785 

3785 

10tti% 

3793 

3793 

3791 

3790 

3791 

3789 

3791 

3794 

3797 

3796 

3793 

3792 

3792 

20th% 

3791 

3792 

3789 

3788 

3787 

3787 

3787 

3792 

3797 

3796 

3792 

3791 

3791 

50th% 

3789 

3789 

3787 

3785 

3784 

3782 

3780 

3785 

3797 

3796 

3791 

3790 

3788 

80th% 

3786 

3786 

3785 

3783 

3779 

3775 

3773 

3778 

3796 

3791 

3788 

3786 

3784 

90th% 

3774 

3774 

3773 

3772 

3770 

3771 

3765 

3773 

3788 

3784 

3779 

3774 

3775 

Spills  (l^af): 

Average 

6 

5 

3 

1 

1 

34 

49 

55 

43 

36 

0 

0 

19 

10tii% 

21 

15 

12 

0 

0 

117 

154 

176 

168 

109 

0 

0 

64 

20th% 

10 

4 

0 

0 

0 

71 

113 

134 

77 

21 

0 

0 

36 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Hauser  Operations 

Energy  Production  (GWHr): 

Average 

12 

12 

12 

11 

10 

12 

12 

12 

12 

11 

10 

10 

11 

10tli% 

13 

13 

13 

13 

12 

13 

13 

13 

13 

13 

13 

13 

13 

20th% 

13 

13 

13 

13 

12 

13 

13 

13 

13 

13 

13 

13 

13 

50th% 

13 

13 

13 

12 

11 

13 

13 

13 

13 

12 

8 

9 

12 

80th% 

11 

11 

11 

8 

8 

9 

9 

9 

8 

8 

8 

8 

9 

90th% 

9 

8 

9 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

Holter  Operations 

Energy  Production  (GWHr): 

Average 

26 

25 

27 

24 

23 

29 

30 

31 

30 

25 

20 

21 

26 

10th% 

31 

31 

33 

33 

31 

42 

40 

42 

40 

42 

30 

30 

36 

20th% 

30 

29 

31 

31 

29 

39 

40 

42 

40 

34 

25 

26 

33 

50tin% 

27 

26 

28 

23 

22 

30 

31 

32 

31 

22 

17 

19 

26 

80th% 

21 

21 

22 

17 

17 

18 

21 

20 

19 

16 

15 

16 

19 

90th% 

16 

16 

19 

16 

15 

16 

16 

15 

16 

15 

15 

15 

16 

C-40 


Baseline  run  (continued) 


OCT        NOV       DEC       JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP      AVG 


Tiber  Operations 

Contents  (kaf): 

Average 

807 

783 

753 

721 

698 

710 

735 

845 

979 

967 

913 

857 

814 

10th% 

881 

843 

795 

746 

699 

756 

816 

933 

1266 

1220 

1110 

1014 

923 

20th% 

853 

818 

779 

736 

699 

729 

772 

908 

1023 

1031 

981 

916 

854 

50th% 

803 

778 

751 

724 

699 

698 

728 

846 

967 

945 

891 

834 

805 

80th% 

749 

741 

718 

702 

699 

684 

689 

770 

876 

855 

804 

775 

755 

90th% 

720 

712 

704 

694 

699 

669 

672 

733 

793 

788 

758 

726 

722 

Elevations  (feet): 

Average 

2970 

2965 

2964 

2964 

2964 

2964 

2964 

2977 

2991 

2989 

2985 

2976 

2973 

10th% 

2988 

2964 

2964 

2964 

2964 

2964 

2964 

2991 

3008 

3006 

3001 

2996 

2981 

20th% 

2986 

2964 

2964 

2964 

2964 

2964 

2964 

2990 

2996 

2996 

2994 

2990 

2978 

50th% 

2964 

2964 

2964 

2964 

2964 

2964 

2964 

2975 

2993 

2992 

2989 

2964 

2971 

80tii% 

2964 

2964 

2964 

2964 

2964 

2963 

2963 

2964 

2988 

2982 

2964 

2964 

2967 

90th% 

2964 

2964 

2964 

2963 

2964 

2963 

2963 

2964 

2964 

2964 

2964 

2964 

2964 

MPC's  Great  Falls  Facilities  Operations 

Black  Eagle  Energy  Production  GWHr): 


Average 

10th% 

20th% 

50th% 

80th% 

90th% 


13 
14 
14 
14 
12 
10 


13 
13 
13 
13 
12 
9 


13 
14 
14 
14 
13 
10 


12 
14 
14 
13 
10 
9 


11 
12 
12 
12 
9 
8 


13 
14 
14 
14 
11 
10 


13 
13 
13 
13 
13 
10 


13 
14 
14 
14 
14 
14 


13 
13 
13 
13 
13 
13 


12 
14 
14 
14 
10 
9 


11 
14 
14 
11 
9 
8 


11 
13 
13 
11 
10 
9 


Rainbow  Energy  Production  (GWHr): 

Average  25  24  25  23  21  24  24  26  25  23  22  22 

10th%  26  25  26  26  24  26  25  26  25  26  26  25 

20th%  26  25  26  26  24  26  25  26  25  26  26  25 

50th%  26  25  26  25  24  26  25  26  25  26  21  21 

80th%  23  22  24  19  18  21  25  26  25  19  17  18 

90th%  20  18  19  17  16  19  20  26  24  17  16  17 

Cochrane  Energy  Production  (GWHr): 

Average  26  24  25  23  22  29  31  37  36  27  21  21 

10th%  32  31  30  31  29  42  41  42  41  42  30  29 

20th%  30  29  29  29  27  38  40  42  41  40  27  26 

50th%  26  24  25  22  21  29  32  42  41  26  18  19 

80th%  20  20  21  17  16  19  23  30  28  16  15  16 

90th%  18  16  16  15  14  17  17  26  21  15  14  15 

Ryan  Energy  Production  (GWHr): 

Average  41  39  40  37  35  41  41  43  42  38  35  34 

10tli%  45  4345454045434543454543 

20tli%  45  434545  40  45434543454543 

50th%  45  42  44  39  36  45  43  45  43  45  32  33 

80th%  36  34  37  30  28  33  40  45  43  29  27  28 

90th%  31  27  29  26  25  30  31  44  38  26  25  26 


Morony  Energy  Production  (GWHr): 

Average  27  25  26  24  23  29  30  33  32  26  '22  22 

10th%  33  33  32  33  31  36  34  36  34  36  32  30 

20th%  31  30  30  31  29  36  34  36  34  36  28  27 

50th%  27  25  26  23  22  31  34  36  34  27  19  20 

80th%  21  21  22  18  17  20  24  31  30  17  16  17 

90th%  18  16  17  16  15  18  18  27  23  15  15  16 


C-41 


Baseline  run  (continued) 

' 

OCT 

"  NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Fort  Peck  Operations 

Energy  Production  (GWHr): 

Average 

85 

93 

119 

82 

73 

61 

56 

61 

72 

116 

103 

95 

85 

10th% 

109 

120 

147 

138 

120 

96 

86 

97 

121 

143 

127 

119 

119 

20th% 

102 

112 

146 

124 

110 

89 

79 

89 

111 

136 

121 

111 

111 

50th% 

84 

92 

121 

74 

66 

54 

48 

53 

61 

116 

103 

94 

80 

80th% 

67 

73 

95 

39 

34 

32 

32 

32 

33 

97 

85 

77 

58 

90th% 

60 

65 

83 

32 

32 

32 

32 

32 

32 

87 

76 

70 

53 

Contents  (kaf): 

Average 

16766 

16526 

16050 

15910 

15894 

16325 

16689 

17193 

17760 

17600 

17260 

16976 

16746 

10th% 

17250 

16937 

16345 

16272 

16450 

16874 

17204 

17657 

17910 

18088 

17795 

17441 

17185 

20th% 

17087 

16842 

16245 

16189 

16326 

16726 

17093 

17545 

17902 

17857 

17528 

17265 

17050 

50th% 

16779 

16566 

16027 

15993 

16041 

16442 

16719 

17196 

17868 

17604 

17302 

16982 

16793 

80th% 

16489 

16278 

15897 

15617 

15517 

15878 

16243 

16849 

17688 

17357 

16949 

16640 

16450 

90th% 

16217 

16051 

15769 

15411 

15064 

15601 

15935 

16594 

17241 

17019 

16696 

16443 

16170 

Elevations  (feet): 

Average 

2242 

2241 

2239 

2238 

2238 

2240 

2242 

2244 

2246 

2246 

2244 

2243 

2242 

10th% 

2244 

2243 

2240 

2240 

2241 

2242 

2244 

2246 

2247 

2248 

2246 

2245 

2244 

20th% 

2243 

2242 

2240 

2239 

2240 

2242 

2243 

2245 

2247 

2247 

2245 

2244 

2243 

50th% 

2242 

2241 

2239 

2239 

2239 

2241 

2242 

2244 

2247 

2246 

2244 

2243 

2242 

80th% 

2241 

2240 

2238 

2237 

2236 

2238 

2240 

2242 

2246 

2245 

2243 

2241 

2241 

90th% 

:   2240 

2239 

2238 

2236 

2234 

2237 

2238 

2241 

2244 

2243 

2242 

2241 

2239 

Spills  (kaf): 

Average 

0 

0 

0 

0 

0 

7 

5 

7 

14 

0 

10 

0 

4 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

0 

IT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C-42 


CONSUMPTIVE  USE  ALTERNATIVE 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Hebgen  Operations 

Contents  (kaf): 

Average 

299 

267 

263 

262 

265 

262 

258 

296 

339 

341 

336 

319 

292 

10th% 

312 

269 

264 

263 

267 

276 

288 

334 

360 

372 

368 

351 

310 

20th% 

304 

268 

263 

263 

266 

270 

278 

320 

357 

370 

351 

321 

303 

50th% 

294 

267 

263 

262 

266 

261 

255 

300 

345 

329 

325 

313 

290 

80th% 

292 

266 

262 

262 

265 

252 

236 

267 

314 

317 

323 

310 

280 

90th% 

291 

265 

262 

262 

264 

248 

226 

258 

310 

314 

321 

304 

277 

Elevations  (feet): 

Average 

6528 

6525 

6524 

6524 

6525 

6524 

6524 

6527 

6531 

6531 

6531 

6529 

6527 

10th% 

6529 

6525 

6524 

6524 

6525 

6525 

6527 

6531 

6533 

6534 

6533 

6532 

6528 

20th% 

6528 

6525 

6524 

6524 

6525 

6525 

6526 

6530 

6533 

6534 

6532 

6530 

6528 

50th% 

6527 

6525 

6524 

6524 

6525 

6524 

6523 

6528 

6532 

6530 

6530 

6529 

6527 

80th% 

6527 

6525 

6524 

6524 

6524 

6523 

6522 

6525 

6529 

6529 

6530 

6529 

6526 

90th% 

6527 

6525 

6524 

6524 

6524 

6523 

6521 

6524 

6529 

6529 

6530 

6528 

6526 

Madison  Operations 

Energy  Production  (GWHr): 
Average 
1 0th% 
20th% 
50th% 
80th% 
90th% 


7            6 

6 

5 

6 

6 

7 

7 

6 

6 

6 

7            7 

7 

6 

7 

7 

7 

7 

7 

7 

7 

7           7 

7 

6 

7 

7 

7 

7 

7 

7 

7 

7           6 

6 

5 

7 

7 

7 

7 

7 

6 

6 

7           5 

5 

4 

6 

6 

7 

7 

6 

4 

5 

7           5 

4 

4 

5 

5 

6 

7 

4 

4 

5 

Toston  Operations 

Energy  Production  (GWHr): 


Average 

5 

5 

4 

4 

4 

4 

6 

7 

7 

5 

2 

3 

10tli% 

7 

5 

5 

4 

5 

7 

7 

7 

7 

4 

5 

20th% 

6 

5 

4 

4 

5 

7 

7 

7 

7 

3 

5 

50th% 

5 

4 

4 

4 

4 

6 

7 

7 

5 

7[ 

3 

80tli% 

4 

4 

4 

3 

3 

4 

5 

6 

7 

2 

1 

2 

90th% 

4 

3 

3 

3 

3 

4 

5 

6 

2 

1 

2 

Average  generation  (mw): 

Average 

7 

6 

5 

5 

6 

8 

9 

10 

6 

3 

5 

10th% 

9 

7 

6 

6 

7 

10 

10 

10 

10 

5 

7 

20tli% 

8 

6 

6 

6 

7 

10 

10 

10 

9 

4 

6 

50tli% 

6 

6 

5 

5 

6 

8 

10 

10 

6 

3 

5 

80tli% 

5 

5 

4 

5 

5 

7 

8 

10 

3 

2 

3 

90th% 

5 

5 

4 

4 

4 

6 

7 

8 

2 

1 

3 

Spills  (kaf): 

Average 

2 

2 

0 

0 

0 

0 

19 

161 

302 

24 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

47 

404 

664 

73 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

15 

284 

680 

0 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

106 

281 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Consumptive  use  alternative  (continued) 

OCT    *  NOV      DEC 


C-43 


JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP      AVG 


Canyon  Ferry  Operations 

Energy  Production  (GWHr): 

Average 

33 

33 

34 

30 

27 

35 

33 

35 

35 

28 

22 

24 

31 

10th% 

40 

41 

45 

42 

38 

44 

42 

45 

43 

45 

36 

37 

41 

20th% 

40 

41 

43 

40 

35 

42 

40 

43 

43 

43 

29 

31 

39 

50th% 

37 

35 

36 

29 

26 

38 

36 

39 

41 

26 

19 

20 

32 

80th% 

23 

25 

25 

22 

21 

23 

21 

19 

19 

18 

18 

19 

21 

90th% 

20 

20 

20 

19 

19 

20 

18 

16 

16 

16 

15 

18 

18 

Contents  (kaf): 

Average 

1577 

1594 

1541 

1493 

1462 

1405 

1395 

1539 

1822 

1753 

1611 

1567 

1563 

10th% 

1786 

1805 

1735 

1732 

1758 

1712 

1776 

1870 

1947 

1912 

1813 

1760 

1800 

20th% 

1761 

1782 

1694 

1640 

1627 

1606 

1618 

1802 

1947 

1912 

1791 

1723 

1742 

50th% 

1687 

1681 

1633 

1566 

1543 

1426 

1423 

1559 

1947 

1901 

1739 

1714 

1652 

80th% 

1468 

1535 

1523 

1433 

1364 

1270 

1172 

1364 

1814 

1718 

1564 

1470 

1475 

90th% 

1153 

1145 

1127 

1103 

1059 

1114 

1043 

1234 

1537 

1406 

1228 

1158 

1192 

Elevations  (feet): 

Average 

3784 

3785 

3783 

3781 

3780 

3778 

3778 

3783 

3792 

3790 

3785 

3784 

3784 

10th% 

3792 

3792 

3790 

3790 

3791 

3790 

3792 

3794 

3797 

3796 

3793 

3791 

3792 

20th% 

3791 

3792 

3789 

3787 

3787 

3786 

3787 

3792 

3797 

3796 

3792 

3790 

3790 

50tli% 

3789 

3789 

3787 

3785 

3784 

3780 

3780 

3785 

3797 

3795 

3790 

3790 

3788 

80th% 

3782 

3784 

3783 

3780 

3778 

3775 

3771 

3778 

3793 

3790 

3785 

3782 

3782 

90th% 

•   3770 

3770 

3769 

3768 

3766 

3769 

3766 

3773 

3784 

3779 

3773 

3770 

3771 

Spills  (kaf): 

Average 

5 

5 

2 

1 

1 

33 

47 

54 

42 

29 

0 

0 

18 

10th% 

20 

14 

9 

0 

0 

116 

151 

170 

164 

71 

0 

0 

60 

20th% 

10 

5 

0 

0 

0 

64 

106 

128 

75 

4 

0 

0 

33 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Hauser  Operations 

Energy  Production  (GWHr): 

Average 

12 

11 

12 

11 

10 

12 

12 

12 

12 

10 

9 

10 

11 

10th% 

13 

13 

13 

13 

12 

13 

13 

13 

13 

13 

13 

13 

13 

20th% 

13 

13 

13 

13 

12 

13 

13 

13 

13 

13 

12 

12 

13 

50th% 

13 

13 

13 

11 

10 

13 

13 

13 

13 

10 

8 

9 

12 

80th% 

9 

10 

10 

8 

8 

9 

9 

9 

8 

8 

8 

8 

9 

90th% 

8 

8 

9 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

Hoiter  Operations 

Energy  Production  (GWHr): 

Average 

25 

25 

26 

24 

22 

29 

29 

31 

30 

23 

19 

20 

25 

10th% 

31 

31 

32 

33 

31 

42 

40 

42 

40 

42 

28 

28 

35 

20th% 

30 

29 

31 

31 

28 

39 

39 

42 

40 

31 

23 

24 

32 

50th% 

26 

26 

28 

23 

21 

30 

30 

32 

31 

20 

17 

18 

25 

80th% 

18 

20 

20 

17 

17 

18 

21 

18 

19 

16 

15 

16 

18 

90th% 

16 

15 

18 

16 

15 

16 

16 

15 

16 

15 

14 

15 

15 

ti 


C-44 

Consumptive  use  alternative  (continued) 

OCT        NOV      DEC 


JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP      AVG 


Tiber  Operations 

Contents  (kaf): 

Average 

807 

783 

753 

721 

698 

710 

735 

846 

978 

965 

911 

855 

813 

10th% 

881 

843 

795 

746 

699 

756 

817 

933 

1266 

1218 

1109 

1012 

923 

20th% 

^  854 

818 

779 

736 

699 

729 

772 

908 

1022 

1030 

979 

914 

853 

50th% 

803 

778 

751 

724 

699 

698 

728 

846 

967 

944 

890 

833 

805 

80th% 

749 

741 

718 

702 

699 

684 

690 

770 

875 

854 

803 

774 

755 

90tli% 

720 

711 

704 

694 

699 

669 

673 

733 

792 

786 

755 

723 

721 

Elevations  (feet): 

Average 

2970 

2965 

2964 

2964 

2964 

2964 

2964 

2977 

2991 

2989 

2985 

2976 

2973 

10th% 

2988 

2964 

2964 

2964 

2964 

2964 

2964 

2991 

3008 

3006 

3000 

2995 

2981 

20th% 

2986 

2964 

2964 

2964 

2964 

2964 

2964 

2990 

2996 

2996 

2994 

2990 

2978 

50th% 

2964 

2964 

2964 

2964 

2964 

2964 

2964 

2975 

2993 

2992 

2989 

2964 

2971 

80th% 

2964 

2964 

2964 

2964 

2964 

2963 

2963 

2964 

2988 

2982 

2964 

2964 

2967 

90th% 

2964 

2964 

2964 

2963 

2964 

2963 

2963 

2964 

2964 

2964 

2964 

2964 

2964 

MPC's  Great  Falls  Facilities  Operations 

Black  Eagle  Energy  Production  (GWHr): 


Average 

1 0th% 

20th% 

50th% 

80th% 

90th% 


13 
14 
14 
14 
12 
10 


Rainbow  Energy  Production  (GWHr): 

Average  25 

10th%  26 

20th%  26 

50th%  26 

80th%  23 

90th%  19 


12 
13 
13 
13 
11 
9 


24 
25 
25 
25 
22 
18 


13 
14 
14 
14 
12 
10 


24 
26 
26 
26 
23 
19 


12 
14 
14 
13 
10 
9 


23 
26 
26 
25 
19 
17 


11 
12 
12 
12 
9 
8 


21 
24 
24 
23 
18 
16 


13 
14 
14 
14 
11 
10 


24 
26 
26 
26 
21 
19 


13 
13 
13 
13 
13 
10 


24 
25 
25 
25 
25 
20 


13 
14 
14 
14 
14 
14 


26 
26 
26 
26 
26 
26 


13 
13 
13 
13 
13 
13 


25 
25 
25 
25 
25 
24 


12 
14 
14 
14 
9 
8 


23 
26 
26 
26 
17 
16 


11 
14 
14 
10 
9 
8 


21 
26 
26 
20 
17 
15 


11 
13 
13 
11 
9 
9 


21 
25 
25 
20 
18 
17 


Cochrane  Energy  Production  (GWHr): 

Average  25  24  24  23  21  29  31  37  36  26  19  20 

10th%  32  31  30  31  29  41  41  42  41  42  29  27 

20th%  30  28  29  29  27  37  40  42  41  37  24  25 

50th%  26  24  25  22  20  29  31  42  41  23  17  18 

80th%  20  19  20  17  16  18  23  30  27  15  15  16 

90th%  17  16  16  15  14  17  17  26  21  14  13  15 

Ryan  Energy  Production  (GWHr): 

Average  41  39  40  37  35  40  41  43  42  37  33  34 

10th%  45  434546  40  45434543454543 

20th%  45  434545404543454345  42  43 

50th%  45  42  43  39  36  45  43  45  43  40  30  31 

80th%  35  33  35  29  27  32  40  45  43  27  26  28 

90th%  29  27  28  26  24  30  31  44  37  24  23  26 


Morony  Energy  Production  (GWHr): 

Average  26  25  25  24  22  29  29  33  32  25  20  21 

10th%  33  33  32  33  31  36  34  36  34  36  30  28 

20th%  31  30  30  31  28  36  34  36  34  36  25  26 

50th%  27  25  26  23  21  31  33  36  34  24  18  19 

80th%  21  20  21  17  16  19  24  31  29  16  15  16 

90th%  18  16  17  16  15  18  18  27  22  15  14  15 


C-45 


Consumptive  use  alternative  (continued] 

'■ 

OCT 

*  NOV 

DEC 

JAN 

FEB 

MAR 

APR 

IMAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Fort  Peck  Operations 

Energy  Production  (GWHr): 

Average 

82 

90 

115 

79 

71 

59 

54 

59 

69 

113 

100 

92 

82 

10th% 

107 

118 

147 

137 

120 

94 

85 

95 

119 

140 

125 

116 

117 

20th% 

99 

109 

143 

121 

107 

86 

77 

87 

107 

133 

118 

107 

108 

50th% 

82 

89 

117 

71 

63 

51 

45 

50 

58 

113 

100 

91 

77 

80th% 

64 

70 

91 

34 

32 

32 

32 

32 

33 

94 

83 

74 

56 

90th% 

56 

61 

78 

32 

32 

32 

32 

32 

32 

83 

73 

67 

51 

Contents  (leaf): 

Average 

16674 

16448 

15998 

15874 

15872 

16312 

16682 

17186 

17740 

17526 

17156 

16871 

16695 

10th% 

17127 

16867 

16309 

16239 

16461 

16872 

17225 

17668 

17908 

18020 

17655 

17315 

17139 

20th% 

17002 

16766 

16213 

16153 

16307 

16729 

17104 

17557 

17900 

17799 

17422 

17138 

17007 

50th% 

16708 

16485 

15983 

15956 

16024 

16427 

16704 

17206 

17865 

17548 

17210 

16869 

16749 

80th% 

16395 

16207 

15835 

15577 

15479 

15867 

16204 

16825 

17607 

17269 

16855 

16539 

16388 

90th% 

16067 

15937 

15684 

15364 

15036 

15580 

15925 

16540 

17176 

16938 

16534 

16232 

16084 

Elevations  (feet): 

Average 

2242 

2241 

2239 

2238 

2238 

2240 

2242 

2244 

2246 

2245 

2244 

2242 

2242 

10th% 

2244 

2242 

2240 

2240 

2241 

2242 

2244 

2246 

2247 

2247 

2246 

2244 

2244 

20th% 

2243 

2242 

2240 

2239 

2240 

2242 

2243 

2245 

2247 

2246 

2245 

2244 

2243 

50th% 

■    2242 

2241 

2239 

2238 

2239 

2241 

2242 

2244 

2247 

2245 

2244 

2242 

2242 

80tJi% 

2240 

2240 

2238 

2237 

2236 

2238 

2240 

2242 

2246 

2244 

2242 

2241 

2240 

90th% 

2239 

2238 

2237 

2236 

2234 

2237 

2238 

2241 

2244 

2243 

2241 

2240 

2239 

Spills  (kaf): 

Average 

0 

0 

0 

0 

0 

6 

5 

6 

13 

0 

9 

0 

3 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

« 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C-46 


COMBINATION  ALTERNATIVE 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Hebgen  Operations 

Contents  (kaf): 

Average 

299 

267 

263 

262 

265 

262 

258 

296 

339 

341 

336 

319 

292 

10th% 

312 

269 

264 

263 

267 

276 

288 

334 

360 

372 

368 

351 

310 

20th% 

304 

268 

263 

263 

266 

270 

278 

320 

357 

370 

351 

321 

303 

50th% 

294 

267 

263 

262 

266 

261 

255 

300 

345 

329 

325 

313 

290 

80th% 

292 

266 

262 

262 

265 

252 

236 

267 

314 

317 

323 

310 

280 

90th% 

291 

265 

262 

262 

264 

248 

226 

258 

310 

314 

321 

304 

277 

Elevations  (feet): 

Average 

6528 

6525 

6524 

6524 

6525 

6524 

6524 

6527 

6531 

6531 

6531 

6529 

6527 

10th% 

6529 

6525 

6524 

6524 

6525 

6525 

6527 

6531 

6533 

6534 

6533 

6532 

6528 

20th% 

6528 

6525 

6524 

6524 

6525 

6525 

6526 

6530 

6533 

6534 

6532 

6530 

6528 

50th% 

6527 

6525 

6524 

6524 

6525 

6524 

6523 

6528 

6532 

6530 

6530 

6529 

6527 

80th% 

6527 

6525 

6524 

6524 

6524 

6523 

6522 

6525 

6529 

6529 

6530 

6529 

6526 

90th% 

6527 

6525 

6524 

6524 

6524 

6523 

6521 

6524 

6529 

6529 

6530 

6528 

6526 

Madison  Operations 

Energy  Production  (GWHr): 

Average 

7 

6 

6 

5 

6 

6 

7 

7 

6 

6 

6 

6 

10th% 

7 

7 

7 

6 

7 

7 

7 

7 

7 

7 

7 

7 

20th% 

7 

7 

7 

6 

7 

7 

7 

7 

7 

7 

7 

7 

50tli% 

7 

6 

6 

5 

7 

7 

7 

7 

7 

6 

6 

7 

80th% 

7 

5 

5 

4 

6 

6 

7 

7 

6 

4 

5 

6 

90th% 

7 

5 

4 

4 

5 

5 

6 

7 

4 

4 

5 

5 

Toston  Operations 

Energy  Production  (GWHr): 


Average 

5 

5 

4 

4 

4 

4 

6 

7 

7 

5 

2 

4 

10th% 

7 

6 

5 

5 

4 

5 

7 

7 

7 

7 

4 

5 

20th% 

6 

6 

5 

4 

4 

5 

7 

7 

7 

7 

3 

5 

50th% 

5 

5 

4 

4 

4 

4 

6 

7 

7 

5 

i 

3 

80tli% 

4 

4    ' 

4 

3 

3 

4 

5 

6 

7 

2 

1 

2 

90tii% 

4 

4 

3 

3 

3 

3 

4 

5 

6 

2 

1 

2 

Average  generation  (mw): 

Average 

7 

7 

6 

5 

5 

6 

8 

9 

10 

6 

3 

5 

10th% 

9 

9 

7 

6 

6 

7 

10 

10 

10 

10 

5 

7 

20tli% 

8 

8 

6 

6 

6 

7 

10 

10 

10 

9 

4 

6 

50th% 

6 

7 

6 

5 

5 

6 

8 

10 

10 

6 

3 

5 

80th% 

5 

6 

5 

4 

5 

5 

7 

8 

10 

3 

2 

3 

90tli% 

5 

6 

5 

4 

4 

4 

6 

7 

8 

2 

1 

3 

Spills  (kaf): 

Average 

2 

2 

0 

0 

0 

0 

19 

161 

305 

26 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

47 

404 

666 

85 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

15 

285 

588 

0 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

106 

286 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C-47 


Combination  alternative  (continued) 

OCT   -NOV 


DEC   JAN   FEB   IMAR   APR   MAY   JUN   JUL   AUG   SEP   AVG 


Canyon  Ferry  Operations 

Energy  Production  (GWHr): 

Average 

34 

33 

35 

30 

28 

35 

33 

35 

35 

29 

23 

25 

31 

10th% 

40 

41 

45 

42 

38 

44 

42 

45 

43 

45 

38 

37 

42 

20th% 

40 

41 

43 

40 

35 

42 

40 

43 

43 

45 

31 

32 

40 

50th% 

37 

35 

36 

30 

27 

38 

36 

39 

41 

29 

19 

20 

32 

80th% 

27 

26 

27 

22 

21 

23 

21 

19 

19 

19 

18 

19 

22 

90tli% 

21 

^      20 

20 

20 

20 

20 

19 

17 

17 

17 

16 

17 

19 

Contents  (kaf): 

Average 

1601 

1615 

1560 

1510 

1475 

1416 

1404 

1547 

1837 

1776 

1640 

1595 

1581 

10th% 

1801 

1808 

1742 

1731 

1746 

1711 

1770 

1865 

1947 

1912 

1813 

1784 

1803 

20th% 

1773 

1787 

1695 

1642 

1627 

1617 

1618 

1793 

1947 

1912 

1796 

1736 

1745 

50th% 

1696 

1696 

1639 

1571 

1550 

1482 

1427 

1581 

1947 

1908 

1752 

1714 

1664 

80th% 

1559 

1578 

1556 

1479 

1379 

1264 

1214 

1376 

1921 

1754 

1619 

1569 

1522 

90tii% 

1219 

1211 

1193 

1169 

1125 

1166 

1037 

1231 

1620 

1501 

1341 

1224 

1253 

Elevations  (feet): 

Average 

3785 

3785 

3784 

3782 

3781 

3779 

3778 

3783 

3793 

3791 

3786 

3785 

3784 

10th% 

3792 

3793 

3790 

3790 

3791 

3790 

3791 

3794 

3797 

3796 

3793 

3792 

3792 

20th% 

3791 

3792 

3789 

3787 

3787 

3787 

3787 

3792 

3797 

3796 

3792 

3790 

3791 

50th% 

3789 

3789 

3787 

3785 

3784 

3782 

3780 

3785 

3797 

3796 

3791 

3790 

3788 

80th% 

3785 

3785 

3785 

3782 

3779 

3774 

3772 

3778 

3796 

3791 

3787 

3785 

3783 

90th% 

3772 

3772 

3771 

3771 

3769 

3770 

3765 

3773 

3787 

3783 

Zlll 

3773 

3774 

Spills  (kaf): 

Average 

« 

5 

2 

1 

1 

34 

48 

55 

43 

33 

0 

0 

19 

10tii% 

21 

14 

10 

0 

0 

120 

153 

171 

168 

94 

0 

0 

63 

20tln% 

12 

5 

0 

0 

0 

64 

110 

132 

76 

9 

0 

0 

34 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Hauser  Operations 

Energy  Production  (GWHr): 

Average 

12 

12 

12 

11 

10 

12 

12 

12 

12 

11 

10 

10 

11 

10th% 

13 

13 

13 

13 

12 

13 

13 

13 

13 

13 

13 

13 

13 

20th% 

13 

13 

13 

13 

12 

13 

13 

13 

13 

13 

12 

12 

13 

50th% 

13 

13 

13 

11 

11 

13 

13 

13 

13 

11 

8 

9 

12 

80th% 

10 

10 

11 

8 

8 

9 

9 

9 

8 

8 

8 

8 

9 

90th% 

9 

8 

9 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

Holter  Operations 

Energy  Production  (GWHr): 

Average 

26 

25 

27 

24 

23 

29 

30 

31 

30 

24 

20 

20 

26 

f'        10th% 

31 

31 

32 

33 

31 

42 

40 

42 

40 

42 

29 

29 

35 

20th% 

30. 

29 

31 

31 

28 

39 

39 

42 

40 

33 

24 

25 

33 

50th% 

27 

26 

28 

23 

22 

30 

30 

32 

31 

21 

17 

18 

25 

80th% 

20 

20 

21 

17 

17 

18 

21 

19 

19 

16 

15 

16 

18 

90th% 

16 

IS 

18 

16 

15 

16 

16 

15 

16 

15 

14 

15 

16 

C-48 

Combination  alternative  (continued) 

OCT        NOV 


DEC       JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP      AVG 


Tiber  Operations 

Contents  (kaf): 

Average 

807 

783 

753 

721 

698 

710 

735 

846 

978 

965 

911 

855 

813 

10th% 

881 

843 

795 

746 

699 

756 

816 

933 

1266 

1219 

1109 

1013 

922 

20th% 

854 

818 

779 

736 

699 

729 

772 

908 

1023 

1030 

980 

915 

85A 

50th% 

803 

778 

751 

724 

699 

698 

728 

846 

967 

944 

890 

833 

80£ 

80th% 

740 

741 

718 

702 

699 

684 

689 

770 

875 

854 

803 

774 

75£ 

90th% 

7eo 

711 

704 

694 

699 

669 

672 

733 

792 

787 

756 

724 

722 

Elevations  (feet): 

Average 

2970 

2965 

2964 

2964 

2964 

2964 

2964 

2977 

2991 

2989 

2985 

2976 

2972 

10th% 

2988 

2964 

2964 

2964 

2964 

2964 

2964 

2991 

3008 

3006 

3000 

2995 

2981 

20th% 

2986 

2964 

2964 

2964 

2964 

2964 

2964 

2990 

2996 

2996 

2994 

2990 

2976 

50th% 

2964 

2964 

2964 

2964 

2964 

2964 

2964 

2975 

2993 

2992 

2989 

2964 

2971 

80th% 

2964 

2964 

2964 

2964 

2964 

2963 

2963 

2964 

2988 

2982 

2964 

2964 

2967 

90th% 

2964 

2964 

2964 

2963 

2964 

2963 

2963 

2964 

2964 

2964 

2964 

2964 

296-^ 

MPC's  Great  Falls  Facilities  Operations 

Black  Eagle  Energy  Production  (GWHr): 


Average 

10th% 

20th% 

50th% 

80th% 

90th% 


13 
14 
14 
14 
12 
10 


12 
13 
13 
13 
12 
9 


13 
14 
14 
14 
12 
10 


12 
14 
14 
13 
10 
9 


11 
12 
12 
12 


13 
14 
14 
14 
11 
10 


13 
13 
13 
13 
13 
10 


13 
14 
14 

14 
14 
14 


13 
13 
13 

13 
13 
13 


12 
14 
14 
14 
9 
8 


11 
14 
14 
10 
9 
8 


11 
13 
13 
11 
9 
9 


Rainbow  Energy  Production  (GWHr): 

Average  25  24  24  23  21  24  24  26  25  23  21  21 

10th%  26  25  26  26  24  26  25  26  25  26  26  25 

20th%  26  25  26  26  24  26  25  26  25  26  26  25 

50th%  26  25  26  25  24  26  25  26  25  26  20  21 

80th%  23  22  23  19  18  21  25  26  25  18  17  18 

90th%  20  18  19  17  16  19  20  26  24  16  16  17 

Cochrane  Energy  Production  (GWHr): 

Average  26  24  24  23  22  29  31  37  36  27  20  20 

10th%  32  31  30  31  29  42  41  42  41  42  30  28 

20th%  30  29  29  29  27  37  40  42  41  39  25  25 

50th%  26  24  25  22  21  29  32  42  41  25  18  18 

80th%  20  19  20  17  16  18  23  30  28  16  15  16 

90th%  17  16  16  15  14  17  17  26  21  14  14  15 

Ryan  Energy  Production  (GWHr): 

Average  41  39  40  37  35  41  41  43  42  38  34  34 

10th%  45  434545  40  45434543454543 

20th%  45  434545  40  45434543454443 

50th%  45  42  44  39  36  45  43  45  43  43  31  32 

80th%  35  34  36  30  28  32  40  45  43  28  26  28 

90th%  30  27  28  26  25  30  31  44  37  25  24  26 

Morony  Energy  Production  (GWHr): 

Average  27  25  26  24  23  29  29  33  32  26  21  21 

10th%  33  33  32  33  31  36  34  36  34  36  31  29 

20th%  31  30  30  31  28  36  34  36  34  36  26  27 

50th%  27  25  26  23  22  31  33  36  34  26  18  19 

80th%  21  20  22  18  17  19  24  31  29  17  16  17 

90th%  18  16  17  16  15  18  18  27  22  15  15  16 


Combination  alternafive  (continued) 

OCT       -NOV 


C-49 


DEC       JAN       FEB      IMAR      APR      MAY       JUN       JUL      AUG       SEP      AVG 


Fort  Pecl(  Operations 

Energy  Production 

(GWHr): 

Average 

84 

92 

117 

81 

72 

60 

55 

60 

71 

115 

102 

94 

84 

10th% 

108 

119 

147 

137 

119 

95 

85 

96 

120 

142 

127 

117 

118 

20th% 

101 

111 

145 

123 

109 

88 

78 

88 

109 

134 

120 

109 

110 

50th% 

83 

91 

120 

73 

64 

52 

47 

51 

60 

115 

102 

92 

79 

80th% 

66 

72 

93 

36 

32 

32 

32 

32 

33 

96 

84 

76 

57 

90th% 

a 

•     62 

81 

32 

32 

32 

32 

32 

32 

85 

75 

69 

52 

Contents  (kaf): 

Average 

16727 

16493 

16024 

15892 

15883 

16318 

16685 

17189 

17752 

17569 

17217 

16931 

16723 

10th% 

17196 

16897 

16327 

16259 

16455 

16873 

17213 

17661 

17909 

18067 

17753 

17379 

17166 

20th% 

17052 

16804 

16216 

16176 

16322 

16725 

17097 

17547 

17902 

17832 

17481 

17216 

17031 

50th% 

16748 

16536 

15993 

15975 

16034 

16439 

16709 

17200 

17867 

17582 

17264 

16937 

16774 

80th% 

16451 

16248 

15873 

15589 

15502 

15878 

16229 

16847 

17643 

17326 

16911 

16599 

16425 

90th% 

16146 

16009 

15729 

15392 

15053 

15592 

15931 

16569 

17221 

16981 

16648 

16394 

16139 

Elevations  (feet): 

Average 

2242 

2241 

2239 

2238 

2238 

2240 

2242 

2244 

2246 

2245 

2244 

2243 

2242 

10th% 

2244 

2243 

2240 

2240 

2241 

2242 

2244 

2246 

2247 

2247 

2246 

2245 

2244 

20th% 

2243 

2242 

2240 

2239 

2240 

2242 

2243 

2245 

2247 

2246 

2245 

2244 

2243 

50th% 

2242 

2241 

2239 

2238 

2239 

2241 

2242 

2244 

2247 

2245 

2244 

2243 

2242 

80th% 

2241 

2240 

2238 

2237 

2236 

2238 

2240 

2242 

2246 

2244 

2243 

2241 

2240 

90th% 

2239 

2239 

2237 

2236 

2234 

2237 

2238 

2241 

2244 

2243 

2241 

2240 

2239 

Spills  (l^af): 

Average 

0 

0 

0 

0 

0 

7 

5 

7 

14 

0 

9 

0 

4 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.         50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C-50 


INSTREAM  ALTERNATIVE 


OCT        NOV       DEC       JAN       FEB      MAR      APR      MAY       JUN       JUL      AUG       SEP      AVG 


Hebgen  Operations 

Contents  (kaf): 

Average 

299 

267 

263 

262 

265 

262 

258 

296 

339 

341 

336 

319 

292 

10th% 

312 

269 

264 

263 

267 

276 

288 

334 

360 

372 

368 

351 

31C 

20th% 

304 

268 

263 

263 

266 

270 

278 

320 

357 

370 

351 

321 

30: 

50th% 

294 

267 

263 

262 

266 

261 

255 

300 

345 

329 

325 

313 

29C 

80lh% 

292 

266 

262 

262 

265 

252 

236 

267 

314 

317 

323 

310 

28C 

90th% 

291 

265 

262 

262 

264 

248 

226 

258 

310 

314 

321 

304 

277 

Elevations  (feet): 

Average 

6528 

6525 

6524 

6524 

6525 

6524 

6524 

6527 

6531 

6531 

6531 

6529 

6527 

10th% 

6529 

6525 

6524 

6524 

6525 

6525 

6527 

6531 

6533 

6534 

6533 

6532 

6526 

20th% 

6528 

6525 

6524 

6524 

6525 

6525 

6526 

6530 

6533 

6534 

6532 

6530 

652£ 

50th% 

6527 

6525 

6524 

6524 

6525 

6524 

6523 

6528 

6532 

6530 

6530 

6529 

6527 

80tii% 

6527 

6525 

6524 

6524 

6524 

6523 

6522 

6525 

6529 

6529 

6530 

6529 

652€ 

90th% 

6527 

6525 

6524 

6524 

6524 

6523 

6521 

6524 

6529 

6529 

6530 

6528 

6526 

Madison  Operations 

Energy  Production  (GWHr): 
Average 
10th% 
20th% 
50th% 
80th% 
90th% 


7            6 

6 

5 

6 

6 

7 

7 

6 

6 

6 

7           7 

7 

6 

7 

7 

7 

7 

7 

7 

7 

7           7 

7 

6 

7 

7 

7 

7 

7 

7 

7 

7           6 

6 

5 

7 

7 

7 

7 

7 

6 

6 

7           5 

5 

4 

6 

6 

7 

7 

6 

4 

5 

7           5 

4 

4 

5 

5 

6 

7 

4 

4 

5 

Toston  Operations 

Energy  Production  (GWHr): 


Average 

5 

5 

4 

4 

4 

4 

6 

7 

5 

3 

4 

10th% 

7 

6 

5 

5 

4 

5 

7 

7 

7 

4 

5 

20th% 

6 

6 

5 

4 

4 

5 

7 

7 

7 

3. 

5 

50th% 

S 

5 

4 

4 

4 

4 

6 

7 

5 

f 

3 

3 

80th% 

4 

4- 

4 

3 

3 

4 

5 

6 

2 

1 

2 

90th% 

4 

4 

3 

3 

3 

3 

4 

5 

6 

2 

1 

2 

Average  generation  (mw): 

Average 

7 

7 

6 

5 

5 

6 

8 

9 

10 

6 

4 

5 

10th% 

9 

9 

7 

6 

6 

7 

10 

10 

10 

10 

6 

7 

20th% 

8 

8 

6 

6 

6 

7 

10 

10 

10 

9 

5 

6 

50th% 

6 

7 

6 

5 

5 

6 

8 

10 

10 

7 

3 

5 

80th% 

5 

6 

5 

4 

5 

5 

7 

8 

10 

3 

2 

3 

90th% 

5 

6 

5 

4 

4 

4 

6 

7 

8 

3 

1 

3 

Spills  (kaf): 

Average 

2 

2 

0 

0 

0 

0 

19 

161 

308 

28 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

47 

404 

668 

95 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

15 

285 

594 

3 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

106 

290 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C-51 


Instream  alternative  (continued) 

OCT    * 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Canyon  Ferry  Operations 

Energy  Production 

(GWHr): 

Average 

34 

34 

35 

30 

28 

35 

33 

35 

35 

30 

24 

25 

31 

10th% 

40 

41 

45 

43 

38 

44 

41 

45 

43 

45 

38 

38 

42 

20th% 

40 

41 

43 

40 

34 

42 

40 

43 

43 

45 

31 

32 

40 

50th% 

37 

35 

36 

30 

28 

37 

36 

39 

41 

30 

19 

21 

32 

80th% 

28 

27 

28 

22 

21 

23 

21 

21 

20 

19 

18 

20 

22 

90tli% 

20 

20 

21 

20 

20 

20 

18 

18 

17 

17 

16 

17 

19 

Contents  (l<af): 

Average 

1611 

1624 

1567 

1517 

1481 

1422 

1409 

1550 

1842 

1785 

1653 

1607 

1589 

10th% 

1806 

1811 

1746 

1731 

1749 

1710 

1767 

1863 

1947 

1912 

1820 

1793 

1805 

20tli% 

1765 

1788 

1697 

1650 

1629 

1621 

1617 

1788 

1947 

1912 

1797 

1743 

1746 

50th% 

1700 

1703 

1642 

1568 

1553 

1472 

1427 

1585 

1947 

1912 

1757 

1714 

1665 

80th% 

1588 

1592 

1565 

1493 

1380 

1269 

1221 

1374 

1926 

1763 

1641 

1596 

1534 

90th% 

1251 

1243 

1224 

1200 

1156 

1181 

1036 

1230 

1655 

1521 

1372 

1256 

1277 

Elevations  (feet): 

Average 

3785 

3786 

3784 

3782 

3781 

3779 

3778 

3784 

3793 

3791 

3787 

3785 

3785 

10th% 

3793 

3793 

3791 

3790 

3791 

3789 

3791 

3794 

3797 

3796 

3793 

3792 

3792 

20th% 

3791 

3792 

3789 

3788 

3787 

3787 

3787 

3792 

3797 

3796 

3792 

3791 

3791 

50th% 

3789 

3789 

3787 

3785 

3784 

3782 

3780 

3785 

3797 

3796 

3791 

3790 

3788 

80th% 

3786 

3786 

3785 

3782 

3779 

3774 

3773 

3778 

3796 

3791 

3787 

3786 

3784 

90th% 

3774 

3773 

3773 

3772 

3770 

3771 

3765 

3773 

3788 

3783 

3778 

3774 

3774 

Spills  (l<af): 

Average 

6 

5 

2 

1 

1 

33 

48 

55 

43 

35 

0 

0 

19 

10th% 

22 

15 

11 

0 

0 

117 

154 

174 

168 

104 

0 

0 

64 

20th% 

10 

4 

0 

0 

0 

69 

112 

133 

77 

18 

0 

0 

35 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Hauser  Operations 

Energy  Production  (GWHr): 
Average 
10th% 
20th% 
50th% 
80th% 
90th% 


12 

12 

12 

11 

10 

12 

12 

12 

12 

11 

10 

10 

11 

13 

13 

13 

13 

12 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

12 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

11 

11 

13 

13 

13 

13 

12 

8 

9 

12 

11 

11 

11 

8 

8 

9 

9 

9 

8 

8 

8 

8 

9 

9 

8 

9 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

Holter  Operations 

Energy  Production  (GWHr): 
Average 
10th% 
20th% 
50th% 
80th% 
90th% 


26 

25 

27 

24 

23 

29 

30 

31 

30 

25 

20 

21 

26 

31 

31 

32 

33 

31 

42 

40 

42 

40 

42 

30 

30 

35 

30 

29 

31 

31 

29 

39 

39 

42 

40 

34 

25 

25 

33 

27 

26 

28 

23 

22 

30 

30 

32 

31 

22 

17 

19 

26 

21 

21 

22 

17 

17 

18 

21 

20 

19 

16 

15 

16 

19 

16 

15 

19 

16 

15 

16 

16 

15 

16 

15 

15 

15 

16 

C-52 


Instream  alternative  (continued) 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Tiber  Operations 

Contents  (kaf): 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Average 

807 

783 

753 

721 

698 

710 

735 

846 

979 

966 

913 

857 

814 

10th% 

881 

843 

795 

746 

699 

756 

816 

933 

1266 

1220 

1110 

1013 

923 

20th% 

854 

818 

779 

736 

699 

729 

772 

908 

1023 

1031 

981 

916 

854 

50th% 

803 

778 

751 

724 

699 

698 

728 

846 

967 

945 

891 

834 

805 

80th% 

749 

741 

718 

702 

699 

684 

689 

770 

876 

855 

804 

775 

755 

90th% 

720 

711 

704 

694 

699 

669 

672 

733 

793 

788 

757 

725 

722 

Elevations  (feet): 

Average 

2970 

2965 

2964 

2964 

2964 

2964 

2964 

2977 

2991 

2989 

2985 

2976 

2973 

10th% 

2988 

2964 

2964 

2964 

2964 

2964 

2964 

2991 

3008 

3006 

3001 

2996 

2981 

20th% 

2986 

2964 

2964 

2964 

2964 

2964 

2964 

2990 

2996 

2996 

2994 

2990 

2978 

50th% 

2964 

2964 

2964 

2964 

2964 

2964 

2964 

2975 

2993 

2992 

2989 

2964 

2971 

80th% 

2964 

2964 

2964 

2964 

2964 

2963 

2963 

2964 

2988 

2982 

2964 

2964 

2967 

90th% 

2964 

2964 

2964 

2963 

2964 

2963 

2963 

2964 

2964 

2964 

2964 

2964 

2964 

MPC's  Great  Falls  Facilities  Operations 

Black  Eagle  Energy  Production  (GWHr): 

Average  13  13  13  12  11  13  13  13  13  12  11  11 

10th%  14  13  14  14  12  14  13  14  13  14  14  13 

20th%  14  13  14  14  12  14  13  14  13  14  14  13 

50th%  14  13  14  13  12  14  13  14  13  14  11  11 

80th%  12  12  13  10  9  11  13  14  13  10  9  9 

90th%  10  9  10  9  8  10  10  14  13  8  8  9 

Rainbow  Energy  Production  (GWHr): 

Average  2S  24  25  23  21  24  24  26  25  23  22  21 

10th%  26  25  26  26  24  26  25  26  25  26  26  25 

20tli%  26  25  26  26  24  26  25  26  25  26  26  25 

50th%  26  25  26  25  24  26  25  26  25  26  21  21 

80th%  23  22  24  19  18  21  25  26  25  18  17  18 

90th%  20  18  19  17  16  19  20  26  24  17  16  17 


Cochrane  Energy  Production  (GWHr): 


Average 

10th% 

20th% 

50th% 

80th% 

90th% 


26 
3Z 
30 
26 
20 
17 


24 
31 
29 
24 
20 
16 


24 
30 
29 
25 
21 
16 


23 
31 
29 
22 
17 
15 


22 
29 
27 
21 
16 
14 


29 
42 
38 
29 
18 
17 


31 
41 
40 
32 
23 
17 


37 
42 
42 
42 
30 
26 


36 
41 
41 
41 
28 
21 


27 
42 
40 
26 
16 
14 


21 
30 
26 
18 
15 
14 


21 
28 
26 
19 
16 
15 


Ryan  Energy  Production  (GWHr): 

Average  41  39  40  37  35  41  41  43  42  38  34  34 

10th%  45  4345454045434543454543 

20th%  45  4345454045434543454543 

50th%  45  42  44  39  36  45  43  45  43  44  32  33 

80th%  36  34  37  30  28  32  40  45  43  28  26  28 

90tli%  30  27  29  26  25  30  31  44  37  25  25  26 


Morony  Energy  Production  (GWHr): 

Average  27  25  26  24  23  29  30  33  32  26  22  21 

10th%  33  33  32  33  31  36  34  36  34  36  32  30 

20th%  31  30  30  31  28  36  34  36  34  36  28  27 

50th%  27  25  26  23  22  31  33  36  34  27  19  20 

80th%  21  21  22  18  17  19  24  31  29  17  16  17 

90th%  18  16  17  16  15  18  18  27  22  15  15  16 


C-53 


Instream  alternative  (continued) 

OCT     •  NOV       DEC       JAN       FEB      IMAR       APR      1MAY       JUN        JUL      AUG       SEP      AVG 


Fort  Peck  Operations 

Energy  Production  (GWHr): 

Average 

85 

93 

118 

81 

73 

61 

56 

61 

71 

116 

103 

95 

84 

10tii% 

109 

120 

147 

138 

120 

95 

86 

97 

121 

143 

128 

118 

118 

20th% 

102 

112 

146 

124 

110 

89 

79 

89 

110 

135 

120 

110 

110 

50th% 

84 

92 

121 

73 

65 

53 

47 

52 

61 

116 

103 

93 

80 

80th% 

67 

73 

95 

38 

33 

32 

32 

32 

33 

96 

85 

77 

58 

90th% 

59 

64 

82 

32 

32 

32 

32 

32 

32 

86 

76 

70 

52 

Contents  (lof): 

Average 

16755 

16517 

16043 

15904 

15890 

16323 

16688 

17192 

17758 

17591 

17248 

16963 

16739 

10th% 

17236 

16925 

16340 

16269 

16452 

16873 

17207 

17659 

17910 

18079 

17784 

17424 

17180 

20th% 

17078 

16833 

16237 

16186 

16325 

16724 

17093 

17545 

17902 

17849 

17514 

17252 

17045 

50th% 

16769 

16557 

16023 

15987 

16038 

16441 

16718 

17196 

17867 

17598 

17292 

16970 

16788 

80th% 

16477 

16269 

15889 

15608 

15513 

15877 

16245 

16848 

17673 

17352 

16939 

16632 

16444 

90th% 

16198 

16040 

15757 

15406 

15061 

15598 

15934 

16593 

17236 

17008 

16683 

16430 

16162 

Elevations  (feet): 

Average 

2242 

2241 

2239 

2238 

2238 

2240 

2242 

2244 

2246 

2245 

2244 

2243 

2242 

10th% 

2244 

2243 

2240 

2240 

2241 

2242 

2244 

2246 

2247 

2248 

2246 

2245 

2244 

20th% 

2243 

2242 

2240 

2239 

2240 

2242 

2243 

2245 

2247 

2247 

2245 

2244 

2243 

50th% 

2242 

2241 

2239 

2239 

2239 

2241 

2242 

2244 

2247 

2246 

2244 

2243 

2242 

80th% 

2241 

2240 

2238 

2237 

2236 

2238 

2240 

2242 

2246 

2244 

2243 

2241 

2241 

90th% 

2240 

2239 

2238 

2236 

2234 

2237 

2238 

2241 

2244 

2243 

2242 

2241 

2239 

Spills  (kaf): 

- 

Average 

0 

0 

0 

0 

0 

7 

5 

7 

14 

0 

10 

0 

4 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80tli% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table  C-5.  Reductions  to  monthly  reservoir  elevations,  contents,  and  energy  production  under  each  alternative 


BASEUNE  TO  CONSUMPTIVE  USE  ALTERNATIVE  (REDUCTIONS) 


OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Hebgen  Operations 

Contents  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Elevations  (feet): 

Average 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Madison  Operations 

Energy  Production  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Toston  Operations 

Energy  Production  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

33.3 

25.0 

0.0 

10tii% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

33.3 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Average  generation  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

25.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

16.7 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20.0 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

14.3 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

33.3 

0.0 

0.0 

0.0 

Spills  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.9 

14.3 

0.0 

0.0 

2.3 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

23.2 

0.0 

0.0 

2.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.4 

2.4 

100.0 

0.0 

0.0 

2.7 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.1 

0.0 

0.0 

0.0 

3.0 

80tti% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

100.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Baseline  to  consumptive  use  alternative  reductions  (continued) 

OCT       HOy       DEC       JAN       FEB      MAR 
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APR      MAY       JUN       JUL      AUG       SEP      AVG 


Canyon  Ferry  Operations 

Energy  Production  (%): 

Average 

2.9 

2.9 

2.9 

0.0 

3.6 

0.0 

0.0 

0.0 

0.0 

6.7 

8.3 

4.0 

3.1 

10th% 

0.0 

0.0 

0.0 

2.3 

0.0 

0.0 

-2.4 

0.0 

0.0 

0.0 

7.7 

2.6 

2.4 

20th% 

OX) 

0.0 

0.0 

0.0 

-2.9 

2.3 

0.0 

0.0 

0.0 

4.4 

9.4 

3.1 

2.5 

50th% 

0.0 

0.0 

0.0 

3.3 

7.1 

-2.7 

0.0 

0.0 

0.0 

16.1 

0.0 

4.8 

0.0 

80th% 

17.9 

7.4 

10.7 

0.0 

0.0 

0.0 

0.0 

13.6 

9.5 

5.3 

0.0 

5.0 

4.5 

90th% 

4A 

4.8 

9.1 

9.5 

5.0 

4.8 

0.0 

11.1 

5.9 

5.9 

6.2 

-5.9 

5.3 

Contents  (%): 

m.       Average 

2A 

2.1 

1.9 

1.8 

1.5 

1.3 

1.1 

0.8 

1.2 

2.0 

2.9 

2.9 

1.9 

m       10th% 

AJt 

0.4 

0.6 

-0.1 

-0.5 

-0.1 

-0.6 

-0.4 

0.0 

0.0 

0.6 

2.0 

0.3 

m        20th% 

0£ 

0.3 

0.3 

0.7 

0.1 

1.0 

-0.1 

-0.8 

0.0 

0.0 

0.4 

1.4 

0.3 

1'        50th% 

Oj» 

1.4 

0.7 

0.2 

0.7 

3.1 

0.4 

1.6 

0.0 

0.6 

1.1 

0.0 

0.8 

1          80th% 

7J 

3.7 

2.7 

4.4 

1.2 

0.2 

4.2 

0.8 

5.9 

2.8 

5.3 

8.6 

4.1 

90th% 

8j6 

8.7 

8.8 

9.0 

9.3 

6.4 

-0.8 

-0.3 

7.4 

8.0 

11.2 

8.6 

7.2 

Elevations  (feet): 

Average 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

10th% 

1 

1 

1 

0 

0 

-1 

-1 

0 

0 

0 

0 

1 

0 

20th% 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

1 

1 

50th% 

0 

0 

0 

0 

0 

2 

0 

0 

0 

1 

1 

0 

0 

80th% 

4 

2 

2 

3 

1 

0 

2 

0 

3 

1 

3 

4 

2 

90th% 

4 

4 

4 

4 

4 

2 

-1 

0 

4 

5 

6 

4 

4 

Spills  (%): 

Average 

16.7 

0.0 

33.3 

0.0 

0.0 

2.9 

4.1 

1.8 

2.3 

19.4 

0.0 

0.0 

5.3 

10th% 

4.8 

6.7 

25.0 

0.0 

0.0 

0.9 

1.9 

3.4 

2.4 

34.9 

0.0 

0.0 

6.2 

20th% 

0.0 

-25.0 

0.0 

0.0 

0.0 

9.9 

6.2 

4.5 

2.6 

81.0 

0.0 

0.0 

8.3 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Hauser  Operations 

Energy  Production  (%): 

Average 

0.0 

8.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

9.1 

10.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7.7 

7.7 

0.0 

50th% 

0.0 

0.0 

0.0 

8.3 

9.1 

0.0 

0.0 

0.0 

0.0 

16.7 

0.0 

0.0 

0.0 

80th% 

18.2 

9.1 

9.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

11.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Holter  Operations 

Energy  Production  (%): 

Average 

3.8 

0.0 

3.7 

0.0 

4.3 

0.0 

3.3 

0.0 

0.0 

8.0 

5.0 

4.8 

3.8 

10th% 

0.0 

0.0 

3.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6.7 

6.7 

2.8 

20th% 

0.0 

0.0 

0.0 

0.0 

3.4 

0.0 

2.5 

0.0 

0.0 

8.8 

8.0 

7.7 

3.0 

50th% 

3.7 

0.0 

0.0 

0.0 

4.5 

0.0 

3.2 

0.0 

0.0 

9.1 

0.0 

5.3 

3.8 

80th% 

14.3 

4.8 

9.1 

0.0 

0.0 

0.0 

0.0 

10.0 

0.0 

0.0 

0.0 

0.0 

5.3 

90th% 

0.0 

6.2 

5.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6.7 

0.0 

6.2 
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Baseline  to  consumptive 

use  alternative  reductions  (continued) 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Tiber  Operations 

Contents  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

-0.1 

0.1 

0.2 

0.2 

0.2 

0.1 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

-0.1 

0.0 

0.0 

0.2 

0.1 

0.2 

0.0 

20th% 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.2 

0.2 

0.1 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

-0.1 

0.0 

0.1 

0.1 

0.1 

0.1 

0.0 

90th% 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

-0.1 

0.0 

0.1 

0.3 

0.4 

0.4 

0.1 

Elevations  (feet): 

Average 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

MPC's  Great  Falls  Facilities  Operations 

B\ack  Eagle  Energy  Production  (%): 

Average  0.0  7.7  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

10th%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

20th%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

50th%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  9.1  0.0 

80th%  0.0  8.3  7.7  0.0  0.0  0.0  0.0  0.0  0.0  10.0  0.0  10.0 

90th%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  11.1  0.0  0.0 

Rainbow  Energy  Production  (%): 

Average  0.0  0.0  4.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  4.5  4.5 

10th%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

20th%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

50tln%  0.0  0.0  0.0  0.0  4.2  0.0  0.0  0.0  0.0  0.0  4.8  4.8 

80tln%  0.0  0.0  4.2  0.0  0.0  0.0  0.0  0.0  0.0  10.5  0.0  0.0 

90th%  5.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  5.9  6.2  0.0 

Cochrane  Energy  Production  (%): 

Average  3.8  0.0  4.0  0.0  4.5  0.0  0.0  0.0  0.0  3.7  9.5  4.8 

10th%  0.0  0.0  0.0  0.0  0.0  2.4  0.0  0.0  0.0  0.0  3.3  6.9 

20th%  0.0  3.4  0.0  0.0  0.0  2.6  0.0  0.0  0.0  7.5  11.1  3.8 

50th%  0.0  0.0  0.0  0.0  4.8  0.0  3.1  0.0  0.0  11.5  5.6  5.3 

80th%  0.0  5.0  4.8  0.0  0.0  5.3  0.0  0.0  3.6  6.2  0.0  0.0 

90th%  5.6  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  6.7  7.1  0.0 

Ryan  Energy  Production  (%): 

Average  0.0  0.0  0.0  0.0  0.0  2.4  0.0  0.0  0.0  2.6  5.7  0.0 

10th%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

20th%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  6.7  0.0 

50th%  0.0  0.0  2.3  0.0  0.0  0.0  0.0  0.0  0.0  11.1  6.2  6.1 

80th%  2.8  2.9  5.4  3.3  3.6  3.0  0.0  0.0  0.0  6.9  3.7  0.0 

90th%  63  0.0  3.4  0.0  4.0  0.0  0.0  0.0  2.6  7.7  8.0  0.0 


Morony  Energy  Production  (%): 
Average  3.7 


10th% 
20th% 
50th% 
80tli% 
90th% 


0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
4.8 
0.0 


3.8 
0.0 
0.0 
0.0 
4.5 
0.0 


0.0 
0.0 
0.0 
0.0 
5.6 
0.0 


4.3 
0.0 
3.4 
4.5 
5.9 
0.0 


0.0 
0.0 
0.0 
0.0 
5.0 
0.0 


3.3 
0.0 
0.0 
2.9 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
3.3 
4.3 


3.8 
0.0 
0.0 
11.1 
5.9 
0.0 


9.1 
6.2 
10.7 
5.3 
6.2 
6.7 


4.5 
6.7 
3.7 
5.0 
5.9 
6.2 


C-57 


Baseline  to  consumptive 

use  alternative  reductions  (continued) 

OCT 

-NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Fort  Peck  Operations 

Energy  Production  (%): 

Average 

3.5 

3.2 

3.4 

3.7 

2.7 

3.3 

3.6 

3.3 

4.2 

2.6 

2.9 

3.2 

3.5 

10th% 

1^ 

1.7 

0.0 

0.7 

0.0 

2.1 

1.2 

2.1 

1.7 

2.1 

1.6 

2.5 

1.7 

20th% 

2j9 

2.7 

2.1 

2.4 

2.7 

3.4 

2.5 

2.2 

3.6 

2.2 

2.5 

3.6 

2.7 

50th% 

2A 

3.3 

3.3 

4.1 

4.5 

5.6 

6.2 

5.7 

4.9 

2.6 

2.9 

3.2 

3.7 

80th% 

.4S 

4.1 

4.2 

12.8 

5.9 

0.0 

0.0 

0.0 

0.0 

3.1 

2.4 

3.9 

3.4 

90th% 

6.7 

6.2 

6.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.6 

3.9 

4.3 

3.8 

Contents  (%): 

1       Average 

OS 

0.5 

0.3 

0.2 

0.1 

0.1 

0.0 

0.0 

0.1 

0.4 

0.6 

0.6 

0.3 

1       10th% 

0.7 

0.4 

0.2 

0.2 

-0.1 

0.0 

-0.1 

-0.1 

0.0 

0.4 

0.8 

0.7 

0.3 

20th% 

05 

0.5 

0.2 

0.2 

0.1 

-0.0 

-0.1 

-0.1 

0.0 

0.3 

0.6 

0.7 

0.3 

50th% 

0.4 

0.5 

0.3 

0.2 

0.1 

0.1 

0.1 

-0.1 

0.0 

0.3 

0.5 

0.7 

0.3 

80th% 

0.6 

0.4 

0.4 

0.3 

0.2 

0.1 

0.2 

0.1 

0.5 

0.5 

0.6 

0.6 

0.4 

90th% 

ojb 

0.7 

0.5 

0.3 

0.2 

0.1 

0.1 

0.3 

0.4 

0.5 

1.0 

1.3 

0.5 

Elevations  (feet): 

Average 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

10th% 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

80th% 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

90th% 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

Spills  (%): 

Average 

oxt 

0.0 

0.0 

0.0 

0.0 

14.3 

0.0 

14.3 

7.1 

0.0 

10.0 

0.0 

25.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

C-58 


BASEUNE  TO  COMBINATION  ALTERNATIVE  (REDUCTIONS) 
OCT        NOV       DEC       JAN       FEB 


MAR      APR      MAY       JUN       JUL      AUG 


Hebgen  Operations 

Contents  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Elevations  (feet): 

Average 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Madison  Operations 

Energy  Production  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Toston  Operations 

Energy  Production  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

33.3 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20tii% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0/ 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

33.3 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Average  generation  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

25.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

16.7 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20.0 

0.0 

0.0 

50thi% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

14.3 

0.0 

0.0 

0.0 

80tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

33.3 

0.0 

0.0 

0.0 

Spills  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

7.1 

0.0 

0.0 

0.0 

10tii% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

10.5 

0.0 

0.0 

1.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

100.0 

0.0 

0.0 

1.3 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.4 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

100.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

C-59 


Baseline  to  combination  alternative  reductions  (continued] 

1 

OCT 

'NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Canyon  Ferry  Operations 

Energy  Production  (%): 

Average 

0.0 

2.9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.3 

4.2 

0.0 

3.1 

10th% 

0.0 

0.0 

0.0 

2.3 

0.0 

0.0 

-2.4 

0.0 

0.0 

0.0 

2.6 

2.6 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

-2.9 

2.3 

0.0 

0.0 

0.0 

0.0 

3.1 

0.0 

0.0 

50th% 

0.0 

■      0.0 

0.0 

0.0 

3.6 

-2.7 

0.0 

0.0 

0.0 

6.5 

0.0 

4.8 

0.0 

80th% 

3.6 

3.7 

3.6 

0.0 

0.0 

0.0 

0.0 

13.6 

9.5 

0.0 

0.0 

5.0 

0.0 

90th% 

0.0 

•    4.8 

9.1 

4.8 

0.0 

4.8 

-5.6 

5.6 

0.0 

0.0 

0.0 

0.0 

0.0 

Contents  {%): 

Average 

0.0 

0.9 

0.7 

0.7 

0.6 

0.6 

0.4 

0.3 

0.4 

0.7 

1.1 

1.1 

0.8 

10th% 

0.4 

0.2 

0.2 

0.0 

0.2 

0.0 

-0.2 

-0.2 

0.0 

0.0 

0.6 

0.7 

0.1 

20th% 

-as 

0.1 

0.2 

0.6 

0.1 

0.4 

-0.1 

-0.3 

0.0 

0.0 

0.2 

0.6 

0.1 

50th% 

0.4 

0.5 

0.3 

-0.1 

0.3 

-0.7 

0.1 

0.2 

0.0 

0.2 

0.4 

0.0 

0.1 

80th% 

2.1 

1.0 

0.6 

1.3 

0.1 

0.6 

0.7 

-0.1 

0.4 

0.8 

2.0 

2.4 

1.0 

90th% 

3.4 

3.4 

3.5 

3.5 

3.7 

2.0 

-0.2 

-0.1 

2.4 

1.8 

3.0 

3.4 

2.5 

Elevations  (feet): 

Average 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

10th% 

1 

0 

1 

0 

0 

-1 

0 

0 

0 

0 

0 

0 

0 

20th% 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

1 

1 

0 

1 

0 

1 

1 

0 

0 

0 

1 

1 

1 

90th% 

2 

2 

2 

1 

1 

1 

0 

0 

1 

1 

2 

1 

1 

Spills  (%): 

Average 

0.0 

0.0 

33.3 

0.0 

0.0 

0.0 

2.0 

0.0 

0.0 

8.3 

0.0 

0.0 

0.0 

10th% 

0.0 

6.7 

16.7 

0.0 

0.0 

-2.6 

0.6 

2.8 

0.0 

13.8 

0.0 

0.0 

1.6 

20th% 

-20.0 

-25.0 

0.0 

0.0 

0.0 

9.9 

2.7 

1.5 

1.3 

57.1 

0.0 

0.0 

5.6 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Hauser  Operations 

Energy  Production  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7.7 

7.7 

0.0 

50th% 

0.0 

0.0 

0.0 

8.3 

0.0 

0.0 

0.0 

0.0 

0.0 

8.3 

0.0 

0.0 

0.0 

80th% 

9.1 

9.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Holter  Operations 

Energy  Production  (%): 

- 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.0 

0.0 

4.8 

0.0 

10th% 

0.0 

0.0 

3.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.3 

3.3 

2.8 

20tti% 

0.0 

0.0 

0.0 

0.0 

3.4 

0.0 

2.5 

0.0 

0.0 

2.9 

4.0 

3.8 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.2 

0.0 

0.0 

4.5 

0.0 

5.3 

3.8 

80th% 

4.8 

4.8 

4.5 

0.0 

0.0 

0.0 

0.0 

5.0 

0.0 

0.0 

0.0 

0.0 

5.3 

90th% 

0.0 

6.2 

5.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6.7 

0.0 

0.0 

C-60 


Baseline  to  combination  alternative  reductions  (continued] 

1 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Tit>er  Operations 

Contents  {%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

-0.1 

0.1 

0.2 

0.2 

0.2 

0.1 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.0 

20th% 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.1 

0.0 

90th% 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.3 

0.3 

0.0 

Elevations  (feet): 

Average 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

MPC's  Great  Falls  Facilities  Operations 

Black  Eagle  Energy  Production  (%) 

Average                         0.0  7.7  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

10th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

20th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

50th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  9.1  0.0 

80th%                              0.0  0.0  7.7  0.0  0.0  0.0  0.0  0.0  0.0  10.0  0.0  10.0 

90th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  11.1  0.0  0.0 

Rainbow  Energy  Production  (%): 

Average                         0.0  0.0  4.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  4.5  4.5 

10th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

20th%                             0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

50th%                             0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  4.8  0.0 

80th%                              0.0  0.0  4.2  0.0  0.0  0.0  0.0  0.0  0.0  5.3  0.0  0.0 

90th%                             0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  5.9  0.0  0.0 

Cochrane  Energy  Production  (%): 

Average                         0.0  0.0  4.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  4.8  4.8 

10th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  3.4 

20th%                            0.0  0.0  0.0  0.0  0.0  2.6  0.0  0.0  0.0  2.5  7.4  3.8 

50th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  3.8  0.0  5.3 

80th%                            0.0  5.0  4.8  0.0  0.0  5.3  0.0  0.0  0.0  0.0  0.0  0.0 

90th%                            5.6  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  6.7  0.0  0.0 

Ryan  Energy  Production  (%): 

Average                         0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  2.9  0.0 

10th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

20th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  2.2  0.0 

50th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  4.4  3.1  3.0 

80th%                            2.8  0.0  2.7  0.0  0.0  3.0  0.0  0.0  0.0  3.4  3.7  0.0 

90th%                             3.2  0.0  3.4  0.0  0.0  0.0  0.0  0.0  2.6  3.8  4.0  0.0 


Morony  Energy  Production  (%): 

Average  0.0  0.0  0.0  0.0  0.0  0.0  3.3  0.0  0.0  0.0  4.5  4.5 

10th%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  3.1  3.3 

20th%  0.0  0.0  0.0  0.0  3.4  0.0  0.0  0.0  0.0  0.0  7.1  0.0 

50th%  0.0  0.0  0.0  0.0  0.0  0.0  2.9  0.0  0.0  3.7  5.3  5.0 

80th%  0.0  4.8  0.0  0.0  0.0  5.0  0.0  0.0  3.3  0.0  0.0  0.0 

90th%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  4.3  0.0  0.0  0.0 


C-61 


Baseline  to  combination  alternative  reductions  (continued] 

OCT 

•  NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Fort  Peck  Operations 

Energy  Production  (%): 

Average 

^£ 

1.1 

1.7 

1.2 

1.4 

1.6 

1.8 

1.6 

1.4 

0.9 

1.0 

1.1 

1.2 

10th% 

0^ 

0.8 

0.0 

0.7 

0.8 

1.0 

1.2 

1.0 

0.8 

0.7 

0.0 

1.7 

0.8 

20th% 

1.0 

0.9 

0.7 

0.8 

0.9 

1.1 

1.3 

1.1 

1.8 

1.5 

0.8 

1.8 

0.9 

50th% 

1.2 

1.1 

0.8 

1.4 

3.0 

3.7 

2.1 

3.8 

1.6 

0.9 

1.0 

2.1 

1.3 

80th% 

1.5 

1.4 

2.1 

7.7 

5.9 

0.0 

0.0 

0.0 

0.0 

1.0 

1.2 

1.3 

1.7 

90th% 

sa 

4.6 

2.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.3 

1.3 

1.4 

1.9 

Contents  (%): 

Average 

&2 

0.2 

0.2 

0.1 

0.1 

0.0 

0.0 

0.0 

0.0 

0.2 

0.2 

0.3 

0.1 

10th% 

0.3 

0.2 

0.1 

0.1 

-0.0 

0.0 

-0.1 

-0.0 

0.0 

0.1 

0.2 

0.4 

0.1 

20th% 

0.2 

0.2 

0.2 

0.1 

0.0 

0.0 

-0.0 

-0.0 

0.0 

0.1 

0.3 

0.3 

0.1 

50th% 

0.2 

0.2 

0.2 

0.1 

0.0 

0.0 

0.1 

-0.0 

0.0 

0.1 

0.2 

0.3 

0.1 

80th% 

0J2 

0.2 

0.2 

0.2 

0.1 

0.0 

0.1 

0.0 

0.3 

0.2 

0.2 

0.2 

0.2 

90th% 

OA 

0.3 

0.3 

0.1 

0.1 

0.1 

0.0 

0.2 

0.1 

0.2 

0.3 

0.3 

0.2 

Elevations  (feet): 

Average 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

90th% 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

Spills  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

I 


C-62 


BASEUNE  TO  INSTREAM  ALTERNATIVE  (REDUCTIONS) 

OCT        NOV      DEC       JAN       FEB 


MAR      APR      MAY       JUN       JUL      AUG       SEP 


Hebgen  Operations 

Contents  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Elevations  (feet): 

Average 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10tii% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20tli% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50tli% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90tii% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Madison  Operations 

Energy  Production  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Toston  Operations 

Energy  Production  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20tii% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0/ 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80tii% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Average  generation  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80tli% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90tii% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Spills  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

b.o 

0.0 

0.0 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

C-63 


Baseline  to  instream  alternative  reductions  (continued) 
OCT      ,NOV       DEC       JAN 


FEB      MAR       APR      MAY       JUN        JUL      AUG       SEP      AVG 


t 


Canyon  Ferry  Operations 

Energy  Production  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.1 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.6 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

2.3 

0.0 

0.0 

0.0 

0.0 

3.1 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.2 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.5 

4.8 

0.0 

0.0 

0.0 

0.0 

90th% 

AS 

4.8 

4.5 

4.8 

0.0 

4.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Contents  (%): 

Average 

0 J 

0.3 

0.3 

0.2 

0.2 

0.1 

0.1 

0.1 

0.2 

0.2 

0.4 

0.4 

0.3 

10th% 

0.1 

0.1 

0.0 

0.0 

0.1 

0.1 

-0.1 

-0.1 

0.0 

0.0 

0.2 

0.2 

0.0 

20th% 

0.0 

0.0 

0.1 

0.1 

0.0 

0.1 

0.0 

-0.1 

0.0 

0.0 

0.1 

0.2 

0.1 

50th% 

0.2 

0.1 

0.1 

0.1 

0.1 

-0.1 

0.1 

-0.1 

0.0 

0.0 

0.1 

0.0 

0.1 

80th% 

0.3 

0.1 

0.1 

0.4 

0.1 

0.2 

0.2 

0.1 

0.1 

0.3 

0.7 

0.7 

0.3 

90th% 

OjO 

0.9 

1.0 

1.0 

1.0 

0.8 

-0.1 

0.0 

0.3 

0.5 

0.8 

0.9 

0.6 

Elevations  (feet): 

Average 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th% 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

0 

90th% 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

Spills  (%): 

Average 

OJO 

0.0 

33.3 

0.0 

0.0 

2.9 

2.0 

0.0 

0.0 

2.8 

0.0 

0.0 

0.0 

10th% 

-4.8 

0.0 

8.3 

0.0 

0.0 

0.0 

0.0 

1.1 

0.0 

4.6 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

2.8 

0.9 

0.7 

0.0 

14.3 

0.0 

0.0 

2.8 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Hauser  Operations 

Energy  Production  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

8.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Hotter  Operations 

Energy  Production  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

3.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.8 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

2.5 

0.0 

0.0 

0.0 

0.0 

3.8 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

0.0 

6.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

C-64 


Baseline  to  instream  alternative  reductions  (continued) 

OCT 

NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Tiber  Operations 

Contents  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

-0.1 

0.0 

0.1 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.0 

20tli% 

-0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90tli% 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.0 

Elevations  (feet): 

Average 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80tli% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

MPC's  Great  Falls  Facilities  Operations 

Black  Eagle  Energy  Production  (%): 

Average                         0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

10th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

20th%                              0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

50th%                              0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

80th%                             0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  10.0 

90th%                             0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  11.1  0.0  0.0 

Rainbow  Energy  Production  (%): 

Average                         0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  4.5 

10th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

20th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

50th%                              0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

80th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  5.3  0.0  0.0 

90th%                            0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 


Cochrane  Energy  Production  (%): 
Average  0.0 


10th% 
20tli% 
50th% 
80th% 
90th% 


0.0 
0.0 
0.0 
0.0 
5.6 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


4.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
5.3 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
6.7 


0.0 
0.0 
3.7 
0.0 
0.0 
0.0 


0.0 
3.4 
0.0 
0.0 
0.0 
0.0 


Ryan  Energy  Production  (%): 
Average  0.0 


10th% 
20th% 
50th% 
80th% 
90th% 


0.0 
0.0 
0.0 
0.0 
3.2 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
3.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
2.6 


0.0 
0.0 
0.0 
2.2 
3.4 
3.8 


2.9 
0.0 
0.0 
0.0 
3.7 
0.0 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


Morony  Energy  Production  (%): 

Average  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  4.5 

10th%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

20th%  0.0  0.0  0.0  0.0  3.4  0.0  0.0  0.0  0.0  0.0  0.0  0.0 

50th%  0.0  0.0  0.0  0.0  0.0  0.0  2.9  0.0  0.0  0.0  0.0  0.0 

80th%  0.0  0.0  0.0  0.0  0.0  5.0  0.0  0.0  3.3  0.0  0.0  0.0 

90tli%  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  4.3  0.0  0.0  0.0 
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Baseline  to  instream  alternative  reductions  (continued) 

OCT 

"NOV 

DEC 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

AVG 

Fort  Peck  Operations 

Energy  Production  (%): 

Average 

0.0 

0.0 

0.8 

1.2 

0.0 

0.0 

0.0 

0.0 

1.4 

0.0 

0.0 

0.0 

1.2 

10th% 

ou> 

0.0 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

-0.8 

0.8 

0.8 

20th% 

OjO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.9 

0.7 

0.8 

0.9 

0.9 

50tli% 

0^ 

0.0 

0.0 

1.4 

1.5 

1.9 

2.1 

1.9 

0.0 

0.0 

0.0 

1.1 

0.0 

80th% 

OA 

0.0 

0.0 

2.6 

2.9 

0.0 

0.0 

0.0 

0.0 

1.0 

0.0 

0.0 

0.0 

90th% 

1.7 

1.5 

1.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.1 

0.0 

0.0 

1.9 

Contents  (%): 

Average 

0.1 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1  ■ 

0.1 

0.0 

10th% 

0.1 

0.1 

0.0 

0.0 

-0.0 

0.0 

■0.0 

-0.0 

0.0 

0.0 

0.1 

0.1 

0.0 

20th% 

0.1 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.0 

50th% 

0.1 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.0 

80th% 

0.1 

0.1 

0.1 

0.1 

0.0 

0.0 

-0.0 

0.0 

0.1 

0.0 

0.1 

0.0 

0.0 

90th% 

0.1 

0.1 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.1 

0.1 

0.1 

0.0 

Elevations  (feet): 

Average 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

10th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

80th%     ' 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

90th% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Spills  (%): 

Average 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

20th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

50th% 

oxt 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

80th% 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

90th% 

OA 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

V 
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Appendix  D 

MONTHLY  FLOWS  FOR  STREAMS 
IN  THE  MISSOURI  RIVER  BASIN 
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Appendix  E 

WATER  QUALITY  CLASSIFICATIONS 

AND  IMPAIRMENTS  FOR  STREAMS  WHERE 

RESERVATIONS  ARE  REQUESTED 
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Table  E-1.  Water  quality  classifications  and  impairments  for  streams  where  reservations  are  requested 


Gallatin  Drainage 

Water  Quality 

Madison  Drainage 

Water  Quality 

Stream/Reacha             Classification 

Impairments'' 

Stream/Reach^             Classification 

Impairments" 

Baker  Creek 

8-1 

Critical  low  flow 

Antelope  Creek 

B-1 

None 

Ben  Hart  Spring  Creek 

B-1 

None 

Beaver  Creek 

A-1/B-1 

Sediment 

Big  Bear  Creek 

B-1 

Critical  low  flow 

Black  Sand  Spring  Creek 

B-1 

None 

Bridger  Creek 

B-1 

Critical  low  flow 

Blaine  Spring  Creek 

B-1 

Critical  bw  fbw 

Cache  Creek 

B-1 

Sediment 

Cabin  Creek 

B-1 

Sediment 

E  Fork  Hyalite  Creek 

A-1 

None 

Cherry  Creek 

B-1 

None 

E  Gallatin  River  #1 

B-1 

Sediment,  nutrients,  other 

Couger  Creek 

B-1 

None 

bebw  wastewater 

Duck  Creek 

B-1 

None 

treatment  plant 

Elk  River 

B-1 

None 

E  Gallatin  River  #2 

B-1 

Sediment,  pH,  nutrients, 

Grayling  Creek 

B-1 

None 

below  wastewater 

temperature 

Hot  Springs  Creek 

B-1 

None 

treatment  plant 

Indian  Creek 

A-1/B-1 

Critical  low  flow 

E  Gallatin  River  #3 

B-1 

Sediment,  pH,  nutrients. 

Jack  Creek 

B-1 

Sediment,  critical  bwfbw 

temperature 

Madison  River 

B-1/A-1 

Temperatijre,  metals 

Gallatin  River  #1 

B-1 

Critical  low  flow 

Meadow  Creek 

B-1 

Critical  bwfbw 

Gallatin  River  #2 

B-1 

Critical  low  flow 

Moore  Creek 

B-1 

Metals,  critical 

Gallatin  River  #3 

B-1 

Critical  low  flow 

bwfbw 

Hell  Raising  Creek 

A-1/B-1 

None 

O'Dell  Spring  Creek 

B-1 

None 

Taybr  Fori<  Gallatin  River 

B-1 

Sediment 

Red  Canyon  Creek 

B-1 

None 

Middle  Fori<Hyalte  Creek  #1 

A-1/B-1 

Critical  low  fbw 

Ruby  Creek 

B-1 

Criticallowfbw 

Middle  Fo(k  HyaSte  Creek  #2 

B-1 

Sediment,  pH,  nutrients 

S  Fort<  Madison  River 

B-1 

Nonep 

Middle  Fori<  of  West 

B-1 

None 

Squaw  Creek 

A-1/B-1 

None 

Fort<  Gallatin  River 

Standard  Creek 

B-1 

None 

Porcupine  Creek 

B-1 

None 

Trapper  Creek 

B-1 

None 

Reese  Creek 

B-1 

Nutrients 

Wati<ins  Creek 

B-1 

Critical  bw  flow 

Rocky  Creek 

B-1 

None 

W  Fori<  Madison  River 

B-1 

Sedimerrt 

Sourdough  Creek 

B-1 

Sediment,  DO/BOD,  pH, 
nutrients,  critical  low  flow 

S  Fork  Cottonwood  Creek 

B-1 

Critical  low  flow 

S  Fori<  Spanish  Creek 

A-1/B-1 

None 

South  Fori<  of  West 

B-1 

Sediment 

Fori<  Gallatin  River 

Spanish  Creek 

B-1 

None 

Squaw  Creek 

B-1 

None 

Thompson  Creek 

B-1 

Sediment 

W  Fori<  Hyalite  Creek 

A-1 

None 

West  Fort<  of  Gallatin  River 

B-1 

Sediment 

*  Note:  Stream/resich  locations  #1 ,  #2,  etc.,  are  described  in  the  DFWP  application,  June  1 989. 
"  Source:  DHES  1984,1986;  DFWP  1985-1989 


E-4 


Jefferson  and  Boulder  Drainages 


Water  Quality 

Water  Quality 

Stream/Reach^ 

Classification 

Impairments'' 

Stream/Reach*             Classification 

Impairments" 

Boulder  River 

B-1 

Sediment,  pH,  nutrients, 

Alder  Creek 

B-1 

Criticallowflow 

temperature,  metals. 

Big  Hole  River  #1 

A-1 

Critical  low  flow 

critical  low  flow 

Big  Hole  River  #2 

A-1 

Criticallowflow 

Halfway  Creek 

B-1 

None 

Big  Hole  River  #3 

B-1 

Sediment,  temperature. 

Hells  Canyon  Creek 

B-1 

Critical  low  flow 

criticallowflow 

Jefferson  River 

B-1 

Sediment,  temperature, 

Big  Lake  Creek 

A-1 

Criticallowflow 

critical  low  flow 

Canyon  Creek 

B-1 

Criticallowflow 

Uttle  Boulder  River 

B-1 

Critical  low  flow 

Coal  Creek 

B-1 

None 

N  Willow  Creek 

B-1 

Critical  low  flow 

Cottonwood  Creek 

B-1 

Sediment 

S  RodkJer  River 

B-1 

pH,  metals,  critical 

Divide  Creek 

B-1 

Criticallowflow 

low  flow 

E  Fori<  Ruby  River 

B-1 

Sediment,  critical  low  flow 

S  Willow  Creek 

B-1 

None 

Rshtrap  Creek 

B-1 

Critical  low  flow 

Whitetail  Creek 

B-1 

Critical  low  flow 

Francis  Creek 

A-1 

Criticallowflow 

Willow  Creek 

B-1 

Critical  low  flow 

Governor  Creek 

A-1 

Sediment,  critical  low  flow 

Willow  Springs  Creek 

B-1 

Critical  low  flow 

Jerry  Creek 

B-1 

Criticallowflow 

Johnson  Creek 

B-1 

Criticallowflow 

M  Fori<  Ruby  River 

B-1 

Sediment 

Mill  Creek 

B-1 

Critical  low  flow 

Miner  Creek 

A-1 

Sediment 

Moose  Creek 

B-1 

Criticallowflow 

Mussigbrod  Creek 

B-1 

Criticallowflow 

N  Fori<  Big  Hole  River 

B-1 

Critical  low  flow 

N  Fori<  Greenhorn  Creek 

B-1 

None 

Pintlar  Creek 

B-1 

Critical  low  flow 

Rock  Creek 

A-1 

Critical  low  flow 

Rock  Creek 

B-1 

Critical  low  flow 

Ruby  Creek 

B-1 

Criticallowflow 

Ruby  River  #1 

B-1 

Sediment 

Ruby  River  #2 

B-1 

Sediment 

• 

S  FotU.  Big  Hole  River 

A-1 

None 

Steel  Creek 

A-1 

Sediment 

Steel  Creek 

B-1 

Criticallowflow 

Swamp  Creek 

A-1 

Sediment 

Trapper  Creek 

B-1 

Critical  bw  f  bw 

Warm  Springs  Creek 

A-1 

None 

Warm  sjarings  Creek 

B-1 

Sediment,  temperatijre, 
criticallowflow 

W  Fort<  Ruby  River 

B-1 

Sediment 

Willow  Creek 

B-1 

Criticallowflow 

Wisconsin  Creek 

B-1 

Criticallowflow 

Big  Hoie  and  Ruby  Drainages 


*  Note:  Stream/reach  locations  #1 ,  #2,  etc.,  are  described  In  the  DFWP  application.  June  1 989. 
*>  Source:  DHES  1984,1986;  DFWP  1985-1989 
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Beaverhead  and  Red  Rocks  Drainages 


Missouri  River  -  Hoiter  Dam  to  Beit  Creelt 


Water  Quality 

Water  Ojality 

Stream/Reach"             Classification 

Impairments'' 

Stream/Reach"             Classification 

impairments'' 

Bear  Creek 

B-1 

None 

Beaver  Creek 

B-1/A-1 

Sediment 

Beaverhead  River 

B-1 

Sediment,  nutrients, 

Canyon  Creek 

B-1 

None 

Reach  #1  and  #2 

temperature,  metals, 

Cottonwood  Creek 

B-1 

None 

critical  low  flow 

Little  Prickly  Pear 

B-1 

Sediment,  critical  low  flow 

Big  Sheep  Creek 

B-1 

Critical  low  flow 

Lyons  Creek 

B-1 

None 

Black  Canyon  Creek 

B-1 

None 

McGuire  Creek 

B-1 

None 

Blacktail  Deer  Creek 

B-1 

Sediment 

Mssouri  River  (Great  Falls 

B-1 

Sediment,  pH,  nutrients. 

Bloody  Dick  Creek 

B-1 

Sediment,  critical  low  flow 

to  Canyon  Ferry) 

metals 

Browns  Canyon  Creek 

B-1 

None 

Missouri  River  (Great  Falls 

B-3 

Sediment,  pH,  TDS, 

Cabin  Creek 

B-1 

None 

to  Belt  Creek) 

nutrients,  metals 

Corral  Creek 

A-1/B-1 

None 

Prickly  Pear  #1 

B-1/1 

Sediment,  nutrients, 

Deadman  Creek 

B-1 

Sediment 

(kielofw  East  Helena) 

metals,  critical  tow  flow 

E  Fork  Blacktail  Deer  Creek 

B-1 

None 

Prickly  Pear  #2 

1 

Sediment,  nutrients. 

E  Fork  Clover  Creek 

B-1 

None 

(above  East  Helena) 

metals 

E  Fork  Dyce  Creek 

B-1 

None 

Sevenmile  Creek 

B-1 

None 

Frying  Pan  Creek 

B-1 

pH,  metals 

Silver  Creek 

B-1 

Metals 

Grasshopper  Creek 

B-1 

Sediment,  metals, 

Spokane  Creek 

B-1 

None 

critical  low  flow 

Tenmile  Creek 

A-1/B-1 

Sediment,  pH, 

Hell  Roaring  Creek 

A-1/B-1 

None 

temperature,  metals, 

Horse  Prairie  Creek 

B-1 

Sediment,  critical  low  flow 

critical  tow  flow 

Indian  Creek 

B-1 

None 

Trout  Creek 

B-1 

Natural 

Jones  Creek 

A-1/B-1 

Sediment,  critical  kjwfkaw 

(above  East  Helena) 

Long  Creek 

B-1 

Sediment 

Virginia  Creek 

B-1 

Sediment,  metals 

Medicine  Lodge  Creek 

B-1 

Sediment,  critical  low  flow 

Wiltow  Creek 

A-1/B-1 

None 

Narrows  Creek 

B-1 

None 

Wolf  Creek 

B-1 

None 

Odell  Creek 

B-1/A-1 

Sediment 

Feet  Creek 

B-1 

Critical  low  flow 

Poindexter  Slough 

B-1 

None 

Rape  Creek 

B-1 

None 

Missouri  River  -  Three  Forks  to  Hoiter  Dam 

Red  Rock  Creek 

B-1/A-1 

Sediment,  temperature 

Red  Rock  River  #1 

B-1 

Critical  tow  flow 

Water  QuaFity 

Red  Rock  River  #2 
Reservoir  Creek 

B-1 
B-1 

Critical  low  f  tow 
None 

Stream/Reach^             Classification 

Impairments'' 

Shenon  Creek 

B-1 

None 

Avalanche  Creek 

B-1 

Critical  tow  flow 

Simpson  Creek 

B-1 

None 

Beaver  Creek 

B-1 

Sediment 

Tom  Creek 

B-1/A-1 

Sediment 

Confederate  Gufch 

B-1 

Sediment,  critical  tow  flow 

Trapper  Creek 

B-1 

Sediment 

Crow  Creek 

B-1 

Sediment,  critical  low  flow 

W  Fork  Blacktail  Deer  Creek 

B-1 

Sediment,  critical  tow  flow 

Deep  Creek 

B-1 

Critical  low  flow 

W  Fort<  IDyce  Creek 

B-1 

None 

Dry  Creek 

B-1 

Sediment,  critical  low  flow 

Duck  Creek 

B-1 

Critical  tow  f  tow 

Missouri  River  #1 

B-1 

Sediment,  pH, 

(above  Canyon  Feny) 

temperature,  metals, 
critical  low  f  tow 

Sixteen  Mile  Creek 

B-1 

Sediment,  nutrients, 
critical  low  f  tow 

*  Note:  Stream/reach  locations  #1,  #2,  etc.,  are  described  in  the  DFWP  application,  June  1989. 
"  Source:  DHES  1984,1986;  DFWP  1985-1989 
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Dearborn  Drainage 


Stream/Reach^ 


Classification 


Water  CXjality 
Impairments'' 


Bean  Lake  B-1 

Deartxjm  River  A-1/B-1 

Rat  Creek  B-1 

M  Fork  Dearborn  River  B-1 

Shieep  Creek  B-1 

S  Fork  Deartxam  River  B-1 


Smith  River  Drainage 


DO/BOD,  nutrients 
Sediment,  temperature, 

critical  low  flow 
None 

Sediment,  critical  low  flow 
None 
Criticallowflow 


Stream/Reach^ 


Classification 


Water  QuaFity 
Impairments'' 


Big  Birch  Creek 
Eagle  Creek 
Hound  Creek 
N  Fork  Deep  Creek 
N  Fork  Smith  River 
Newlan  Creek 
Rock  Creek 
Sheep  Creek 
Smith  River 

S  Fork  Smith  River 
Tenderfoot  Creek 


Sun  River  Drainage 


Stream/Reach° 


B-1 
B-1 
B-1 
B-1 
B-1 
B-1 
B-1 
B-1 
B-1 

B-1 
B-1 


Criticallowflow 

None 

Critical  low  flow 

None 

Sediment,  critical  low  flow 

Sediment 

None 

Sediment,  critical  low  flow 

Sediment,  temperature, 

critical  low  flow 
Critical  bw  flow 
None 


Classification 


Water  Quality 
Impairments'' 


Elk  Creek 

Ford  Creek 
Muddy  Creek 

N  Fork  Wiibw  Creek 
Sun  River  #1  (above 

Muddy  Creek) 
Sun  River  #2  (below 

Muddy  Creek) 

Willow  Creek 


B-1 


B-1 
I 

B-1 
B-1 


B-1/B-3 


B-1 


Temperature, 

criticallowflow 
Nutrients 
Sediment,  TDS,  nutrients, 

temperature 
None 
Sediment,  nutrients, 

criticallowflow 
Sediment,  TDS,  nutrients, 

temperature, 

critical  bw  f  bw 
None 


Belt  Creeic  Drainage 


Stream/Reach" 


Classification 


Water  CXjality 
Impairments'" 


Belt  Creek  #1  B-1 
(above  Dry  Fork) 

Belt  Creek  #2  B-2 
(bebw  Dry  Fork) 

Big  Otter  Creek  B-1 

Dry  Fork  Belt  Creek  B-1 

Legging  Creek  B-1 

Pilgram  Creek  B-1 

Sand  Coulee  Creek  B-1 

Tillinghast  Creek  B-1 


Marias  River  Drainage 


Sediment,  nutrients, 

temperature,  metals, 

critical  bw  flow 
Sediment,  nutrients, 

temperature,  metals, 

critical  bw  f  bw 
Sediment 
Metals 
None 
None 

Sediment,  metals 
None 


Stream/Reach^ 


Classification 


Water  (Xiality 
Impairments'' 


Badger  Creek 
Birch  Creek 

Cut  Bank  Creek 

Dupuyer  Creek 
Marias  River  #1 

(above  Dry  F6ri<) 
Marias  River  #2 

(bebw  Tiber  Reservoir) 
Marias  River  #3 

(bebw  Pondera  Coulee) 
N  Badger  Creek 
N  Fbri<  Dupuyer  Creek 
S  Badger  Creek 
S  Fbri<  Dupuyer  Creek 
S  Fbri<  Two  Medicine  River 


B-1 
B-1 

B-1/B-2 

B-1 
B-2 

B-1/B-2 

B-2 

B-1 
B-1 
B-1 
B-1 
B-1 


Sediment 
Sediment,  TDS, 

critical  bwfbw 
Sediment,  TDS,  nutrients, 

critical  bw  f  bw 
Critical  bw  f  bw 
Sediment,  TDS 

Sediment,  pH,  TDS, 

temperature 
Sediment,  pH,  TDS, 

temperature 
None 
None 
None 
None 
Sediment 


*  Note:  Stream/reach  locations  #1,  #2,  etc.,  aredescribed  in  the  DFWP  application,  June  1989. 
"  Source:  DHES  1984,1986;  DFWP  1985-1989 


E-7 


Teton  River  Drainage 


Stream/Reach^ 


Classification 


Water  QuaFity 
Impairments'' 


Deep  Creek  B-1 

McDonald  Creek  B-1 

N  Fork  Deep  Creek  B-1 

S  Fork  Deep  Creek  B-1 

Spring  Creek  B-2 

Teton  River  B-1/B-2 


Critical  low  flow 
None 
None 
None 

Critical  low  flow 
Sediment,  TDS ,  critical 
low  flow 


Missouri  River  -  Belt  Creek  to  Fort  Peck  Reservoir 


Stream/Reach" 


Classification 


Water  Quality 
Impairments'* 


Highwood  Creek 
Missouri  River 

Shonkln  Creek 


Judith  River  Drainage 


B-1  None 

M  Sediment,  pH,  TDS, 

nutrients 
B-1  None 


Water  CXjaFity 

Stream/Reach^             Classification 

Impairments" 

Beaver  Creek 

B-1 

Sediment,  temperature 

Big  Spring  Creek  #1 

B-1/B-2 

Sediment,  pH,  nutrients 

Big  Spring  Creek  #2 

B-2 

Sediment,  pH,  nutrients 

Cottonwood  Creek 

B-1 

Sediment,  temperature 

Cow  Creek 

B-1 

None 

E  Fork  Big  Spring  Creek 

B-1 

Temperature 

Judith  River  #1 

B-2 

None 

(betow  Big  Spring  Creek) 

Judith  River  #2 

B-1 

Critical  low  flow 

(atove  Big  Spring  Creek) 

Lost  Fork  Judith  River 

B-1 

Sediment 

Middle  Fork  Judith  River 

B-1 

Sediment 

Running  Wolf  Creek 

B-1 

TDS 

SFori<  Judith  River 

B-1 

Sediment 

Warm  Springs  Creek 

C-3 

Sediment 

Yogo  Creek 

B-1 

Sediment 

Musselshell  Drainage 


Stream/Reach^ 


Classification 


Water  CXjality 
Impairments'" 


Alabaugh  Creek  B-1 

American  Fori<  Creek  B-1 

Big  Dry  Creek  C-3 

Big  Elk  Creek  B-1 

Careless  Creek  B-1 

Checkertx}ard  Creek  B-1 

Collar  Gulch  Creek  C-3 

Cottonwood  Creek  B-1 

Ratwilkjw  Creek  B-2/C-3 

Little  Dry  Creek  C-3 

Musselshell  River  #1  (N&S  B-1/B-2 

Fortes  to  Deadmans 

Diversion) 

Musselshell  River  #2  (bebw  C-3 

Deadmans  Diversbn) 

Musselshell  River  #3  C-3 
(Diversion  area) 

N  Fori<  Musselshell  River  #1  B-1 

NFori<  Musselshell  River  #2  B-1 
(below  Bair  Reservoir) 

S  Fori<  Musselshell  River  B-1 

Spring  Creek  B-1 

Swimming  Woman  Creek  B-1 


'  Note:  Stream/reach  locations  #1 ,  #2,  etc.,  are  described  in  the  DFWP  application,  June  1 989. 
t"  Source:  DHES  1984,1986;  DFWP  1985-1989 


None 

Criticallowflow 

None 

Critical  low  fbw 

Temperature, 
critical  low  fbw 

None 

pH,  metals 

Critical  bw  fbw 

pH,  metals,  sediment, 
critical  bw  fbw 

None 

Sediment,  DO'BOD, 
TDS,  nutrients,  temper- 
ature, critical  bwfbw 

Sediment,  DO/BOD,  pH, 
TDS,  nutrients,  temper- 
ature, critical  low  flow 

Sediment,  DO/BOD,  pH, 
TDS,  nutrients,  temper- 
ature, critical  bwfbw 

Critical  bw  flow 

Sediment,  DO/BOD, 
TDS,  nutrients, 
temperature 

Sediment,  critical  bwfbw 

Sediment,  critical  bwfbw 

Critical  bw  fbw 
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Appendix  F 

SOILS  LIST  FOR  WATER  RESERVATION 
IRRIGATION  PROJECTS 
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Table  F-1.  Soils  list  for  water  reservation  Irrigation  projects 


F-3 


Amesha  loam 
Amsterdam  silt  bam 
Anaconda  cobbly  loam 
Attewan  loam 
Beaverell  cxjbbly  loam 
Beaverel!  toam 
Beaverton  silt  loam 
Binna  loam 
Bozeman  silt  loam 
Bridger  loam 
Brocko  silt  loam 
Brownsto  gravelly  loam 
Burgraff  silt  loam 
Cabba  loam 

Chinook  fine  sandy  loam 
Cozberg  fine  sandy  loam 
Danvers  clay  toam 
DeipxDint  loam 
Doughty  loam 
Ethridge  silt  clay  loam 
Evanston  cobbly  clay  loam 
Evanston  loam 
Fairdale  silt  loam 
Fairway  loam 
Famuf  loam 

Fort  Benton  fine  sandy  loam 
Gallatin  loam 
Gerber  silty  clay  loam 
Glendive  toam 
Glendive  sandy  loam 
Hagga  silt  loam 
Harlem  sitty  clay  loam 
Havre  loam 
Huffine  silt  loam 
Joplin  clay  toam 
Judith  clay  loam 
Judith  gravelly  clay  loam 
Kalstad  sandy  loam 
Kevin  clay  loam 
Kiev  loam 
Kobar  silty  clay 
Kobar  silty  clay  loam 
Korchea  loam 


Korent  loam 
Kremlin  clay  toam 
Kremlin  loam 
Lothair  silty  clay 
Marias  silty  clay 
Marmarth  toam 
Martinsdale  clay  loam 
Martinsdale  loam 
Mussel  loam 

Musselshell  gravelly  toam 
Neen  silty  clay  loam 
Pendroy  clay 
Perma  very  stony  loam 
Phillips  clay  loam 
Radersburg  very  cobbly  loam 
Rivra  gravelly  sandy  loam 
Rothiemay  clay  loam 
Rothiemay  loam 
Ryell  loam 
Sappington  loam 
Scobey  clay  loam 
Scravo  sandy  loam 
Scravo  cobbly  loam 
Shaak  silty  clay  loam 
Straw  loam 
Tally  fine  sandy  loam 
Tamaneen  clay  loam 
Tanna  clay  loam 
Telstad  loam 
Terrad  silty  clay 
Tetonview  loam 
Toston  silty  clay  loam 
Turner  cobbly  loam 
Turner  loam 
Twin  Creek  loam 
Varney  gravelly  clay  toam 
Vastine  toam 

Windham  very  gravelly  loam 
Winifred  cobbly  clay  loam 
Winspect  cobbly  loam 
Work  cobbly  clay  loam 
Yamac  loam 
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FISHERIES  DATA 
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Appendix  H 

RECREATION  INFORMATION 

FOR  RIVERS  AND  STREAMS 

WITH  RESERVATION  REQUESTS 
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Table  H-1.  Recreation  Information  for  rivers  and  streams  with  reservation  requests 
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BIG  HOLE  RIVER  DRAINAGE 

STREAM 


10       11     12 


American  Creek 

93 

. 

(n=2) 

U 

. 

. 

. 

. 

. 

. 

. 

. 

Bear  Creek 

138 

- 

(n=1) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Big  Hole  River  (Headwaters-Pintlar  Creek) 

8,902 

153 

(n=3) 

Continental  Divide-NF  Big  Hole  River 

2 

F/SR 

6 

s 

p 

p 

p 

H/M 

0 

Big  Hole  River  (Pintlar  Creek-Divide  Creek) 

23.502 

500 

(n=4) 

NF  Big  Hole  River-Divide  Bridge 

1 

MR 

6 

s 

p 

p 

p 

H 

4 

Big  Hole  River  (Divide  Creek-Mouth) 

21.005 

412 

(n-4) 

Divide  Bridge-Beaverhead  River 

1 

SR/MR 

6 

p 

p 

p 

p 

H 

8 

Big  Lake  Creek 

105 

- 

(n-1) 

Twin  Lakes-Big  Hole  River 

2 

NB 

0 

- 

- 

p 

s 

M 

1 

Birch  Creek 

137 

- 

(n=1) 

Anchor  Lake-Forest  Service  Boundary 

2 

NB 

0 

- 

- 

s 

p 

H 

2 

Bryant  Creek 

(n=0) 

Headwaters-Big  Hole  River 

3 

NB 

0 

- 

- 

p 

s 

L 

0 

California  Creek 

648 

- 

(n=3) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Camp  Creek 

180 

- 

(n=2) 

Headwaters-Big  Hole  River 

3 

NB 

0 

- 

- 

p 

p 

M 

0 

Canyon  Creek 

278 

- 

(n=2) 

Headwaters-Mouth 

1 

NB 

0 

- 

- 

p 

p 

H 

2 

Corral  Creek 

268 

- 

(n-1) 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Deep  Creek 

418 

- 

{n=3) 

Headwaters-French  Creek 

1 

NB 

0 

- 

- 

p 

s 

L 

1 

Delano  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Divide  Creek 

634 

- 

(n=3) 

u 

- 

- 

- 

- 

- 

- 

- 

- 

Fishtrap  Creek 

452 

- 

(n=2) 

MF  Big  Hole  River 

u 

NB 

0 

- 

- 

- 

- 

- 

0 

Francis  Creek 

(n=0) 

Headwaters-Steel  Creek 

3 

NB 

0 

- 

- 

s 

- 

L 

0 

French  Creek 

239 

- 

(n=2) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Governor  Creek 

103 

- 

(n=3) 

Headwaters-Big  Hole  River 

3 

NB 

0 

- 

- 

- 

- 

L 

0 

Jacobsen  Creek 

' 

(n=0) 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Jerry  Creek 

655 

- 

(n=3) 

Headwaters-Mouth 

3 

NB 

0 

p 

s 

L 

0 

Column  1  =  Angler  days/year  (average  of  1 982-1 986  values)' 

Column  2  =  Angler  daya\ear/rlver  mile 

Column  3  =  Number  of  years  in  which  fishing  pressure  has  been  measured 

Column  4  =  Recreational  value— 1  =  outstanding;  2  =  substantial;  3  =  moderate;  4  =  limited;  U  =  unclassified 

Column  5  =  Water  character— F  =  flat;  SR  =  small  rapids;  MR  =  moderate  rapids;  LR  =  large  rapids;  NB  =  not  boated 

Column  6  =  Months  of  yesir  boatable 

Column  7  =  Boating/floating'' 

Column  8  =  Boat  fishing 

Column  9  =  Shore  fishing'' 

Column  1 0  =  Shoreline  activities^ 

Column  1 1  =  Nonangler  use  estimate — H  =  high;  M  =  moderate;  L  =  low 

Column  12  ==  Number  of  developed  sites 

'  For  this  EIS.  high  angler  use  =  more  ttnan  10,000  angler  days  per  year  for  a  given  stream  or  river  segment;  moderate  angler  use  =  1 .000-10,000 

angler  days  per  year;  low  angler  use  =  less  than  1 ,000  angler  days  per  year. 
"  For  columns  7  through  10:  P  =  primary  activity,  one  of  the  main  reasons  for  visiting  this  stream  or  river  segment;  S  =  secondary  activity,  an  activity 

or  use  occurring  on  this  stream,  but  not  one  of  the  most  important  uses 
Sources:  Columns  1  through  3:  DFWP  1989_. 

Columns  4  ttvough  12:  Natural  Resource  Information  System  1 989.  Comprehensive  recreation  information  is  not  available  for  all  streams. 
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Big  Hole  River  drainage  (continued) 

1           2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Johnson  Creek 

262 

(n-3) 

Headwaters-Mouth 

3 

NB 

0 

. 

. 

P 

s 

M 

0 

Joseph  Creek 

273 

(n=1) 

Chief  Joseph  Pass-Trail  Creek 

3 

NB 

0 

- 

- 

P 

s 

L 

0 

LaMarche  Creek 

499 

(n=3) 

Wilderness  Boundary-Big  Hole  River 

1 

NB 

0 

- 

- 

P 

p 

M 

0 

Miner  Creek 

866 

(n=4) 

Upper  Miner  Lake-Big  Hole  River 

1 

F 

3 

S 

s 

P 

p 

M 

1 

Moose  Creek 

137 

(n=1) 

Humbug  Spires-Big  Hole  River 

3 

NB 

0 

- 

- 

P 

p 

M 

0 

Mussigbrod  Creek 

232 

(n=2) 

Wilderness  Boundary-Big  Hole  River 

2 

NB 

0 

- 

- 

P 

p 

L 

1 

NF  Big  Hole  River 

1.571 

(n=4) 

Battlefield-Big  Hole  River 

U 

NB 

0 

- 

- 

- 

- 

U 

0 

Oregon  Creek 

(n=0) 

Pattengail  Creek 

344 

(n-2) 

Elbow  Lake-Wise  River 

1 

F 

4 

s 

s 

P 

s 

M 

0 

Pintlar  Creek 

722 

(n=3) 

Wilderness  Boundary-Big  Hole  River 

2 

NB 

0 

- 

- 

P 

s 

M 

1 

Rock  Creek 

701 

(n=4) 

Continental  Divide-Swamp  Area 

3 

NB 

0 

- 

- 

s 

s 

L 

0 

Ruby  Creek 

394 

(n=4) 

Headwaters-Trail  Creek 

3 

NB 

0 

. 

- 

p 

s 

M 

0 

Sevenmile  Creek 

752 

(n=1) 

- 

. 

- 

. 

. 

- 

. 

. 

. 

Seymour  Creek 

188 

(n=1) 

Wilderness  Boundary-Big  Hole  River 

2 

NB 

0 

- 

- 

p 

s 

H 

2 

Sixmile  Creek 

(n=0) 

SF  Big  Hole  River 

(n=0) 

Steel  Creek 

826 

(n=2) 

Moose  Meadow-Big  Hole  River 

3 

NB 

0 

- 

- 

p 

p 

M 

1 

Sullivan  Creek 

(n-O) 

Swamp  Creek 

(n=0) 

Yank  Swamp-Big  Hole  River 

J 

3 

NB 

0 

- 

- 

p 

- 

L 

0 

Tenmile  Creek 

376 

(n=1) 

Trail  Creek 

538 

(n=3) 

Gibbons  Pass-NF  Big  Hole  River 

J 

3 

F 

4 

s 

s 

p 

s 

M 

0 

Trapper  Creek 

137 

(n=1) 

Headwaters-Forest  Service  Boundary 

2 

NB 

0 

- 

- 

p 

s 

H 

0 

Twelvemile  Creek 

240 

(n=2) 

Warm  Springs  Creek 

568 

(n=2) 

West  Pioneers-Big  Hole  River 

3 

NB 

0 

- 

- 

p 

s 

L 

0 

Willow  Creek 

389 

(n=1) 

Tendoy  Lake-BLM  Boundary 

3 

NB 

0 

- 

- 

s 

p 

M 

0 

Wise  River 

3,001        107 

(n=4) 

Mono  Creek-Big  Hole  River 

2 

SR 

2 

s 

- 

p 

p 

H 

4 

Wyman  Creek 

235 

(n=2) 

Headwaters-Wise  River 

_ 

1 

NB 

0 

- 

- 

p 

s 

H 

0 

GALLATIN  RIVER  DRAINAGE 
STREAM 


10       11      12 


Baker  Creek 
Ben  Hart  Spring  Creek 
Big  Bear  Creek 
Bridger  Creek 
Cache  Creek 
EF  Hyalite  Creek 
Heather  Lake-Hyalite  Reservoir 


787 

-       (n=3) 

U 

100 

-       {n=1) 

U 

(n=0) 

U 

546 

-       (n=4) 

U 

(n=0) 

U 

(n=0) 

NB 


H       1 
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Gallatin  River  drainage  (continued) 


10       11     12 


East  Gallatin  River  (Headwaters-Mouth)  7,629 

Rocky /Bozeman  Creek-Springhill  Bridge 
East  Gallatin  River 

Springhill  Bridge-Gallatin  River 
Gallatin  River  (Spanish  Cr.- Yellowstone  Park)  14 

Yellowstone  NP-WF  Gallatin  River 
Gallatin  River  (Spanish  Cr.-EF  Gallatin)  28,- 

WF  Gallatin  River-Greek  Creek 

Greek  Creek-Hwy.  191  Bridge 

Hwy.  191  Bridge-East  Gallatin  River 
Gallatin  River  (EF  Gallatin-Mouth)  1 3,^1 

EF  Gallatin  River-Missouri  River 
Hell  Roaring  Creek 

Headwaters-Gallatin  River 
Hyalite  Creek  (Mouth-Hyalite  Reservoir)  2 

Hyalite  Reservoir-Forest  Service  Boundary 
NF  of  the  WF  Gallatin  River 
Porcupine  Creek 

Fortress  Mountain-Gallatin  River 
Reese  Creek 
Rocky  Creek 
Sourdough  (Bozeman)  Creek 

Headwaters-Forest  Service  Boundary 

Forest  Service  Boundary-E.  Gallatin  River 
South  Cottonwood  Creek 

Timber  Butte-Forest  Service  Boundary 
SF  Spanish  Creek 

Spanish  Lakes-Spanish  Creek 
SF  of  the  WF  Gallatin  River 

Headwaters-WF  Gallatin  River 
Spanish  Creek 

Confluence  NF  &SF-Gallatin  River 
Squaw  Creek 

Divide  Peak-Gallatin  River 
Taylor  Fork  of  the  Gallatin  River 

Wilderness  Boundary-Gallatin  River 
Thompson  Spring  Creek 
WF  Gallatin  River 

Headwaters-Gallatin  River 
WF  Hyalite  Cr.  (Hyalite  Reservoir-Hyalite  Lake) 

Hyalite  Peak-Hyalite  Reservoir 


(n=4) 


3 

NB 

0 

s 

- 

p 

- 

M 

- 

2 

SR 

6 

s 

s 

p 

_ 

L 

0 

619 

357 

(n=4) 

1 

MR 

4 

p 

p 

p 

s 

H 

2 

408 

789 

(n=4) 

1 

MR 

4 

p 

s 

p 

p 

H 

3 

1 

LR 

4 

p 

- 

p 

s 

H 

2 

1 

MR 

4 

p 

p 

p 

p 

H/M 

4 

439 

1.120 

(n=4) 

2 

SR 

7 

s 

8 

p 

s 

H 

1 

273 

- 

(n=1) 

U 

NB 

0 

- 

- 

- 

- 

- 

0 

800 

- 

(n=4) 

2 

NB 

- 

0 

- 

p 

p 

H 

2 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

644 

- 

(n=1) 

2 

NB 

0 

- 

p 

p 

H 

0 

20 

- 

(n=1) 

U 

- 

- 

- 

- 

- 

- 

- 

638 

- 

(n=4) 

U 

- 

- 

- 

- 

- 

- 

- 

90 

- 

(n=1) 

2 

NB 

0 

- 

p 

p 

H/M 

0 

2 

NB 

0 

- 

p 

s 

H 

1 

574 

. 

(n-1) 

2 

NB 

0 

- 

p 

p 

M/L 

0 

182 

- 

(n=2) 

U 

NB 

0 

- 

- 

- 

- 

0 

(n=0) 

3 

NB 

0 

- 

p 

p 

M 

2 

(n=0) 

U 

NB 

0 

- 

- 

- 

- 

0 

367 

- 

(n=4) 

2 

NB 

0 

- 

p 

p 

M 

2 

763 

- 

(n-4) 

2 

NB 

0 

- 

p 

p 

M 

0 

(n-O) 

U 

- 

- 

- 

- 

- 

- 

- 

433 

- 

(n=3) 

2 

NB 

0 

- 

- 

p 

p 

H 

1 

177 

- 

(n=2) 

1 

NB 

0 

- 

- 

p 

p 

H 

1 

Column  1  =  Angler  days/year  (average  of  1982- 1986  values)' 

Column  2  =  Angler  days/year/river  mile 

Column  3  =  Number  of  years  in  which  fishing  pressure  has  been  measured 

Column  4  =  Recreational  value— 1  =  outstanding;  2  =  substantial;  3  =  moderate;  4  =  limited;  U  =  unclassified 

Column  5  =  Water  character— F  =  flat;  SR  =  small  rapids;  MR  =  moderate  rapids;  LR  =  large  rapids;  NB  =  not  boated 

Column  6  =  Months  of  year  boatable 

Column  7  =  Boatingifloating'' 

Column  8  =  Boat  fishing 

Column  9  =  Shone  fishing'' 

Column  10  =  Shoreline  activities" 

Column  11  =  Nonangler  use  estimate — H  =  high;  M  =  moderate;  L  =  low 

Column  12  =  Number  of  developed  sites 

'  For  this  EIS,  high  angler  use  =  more  tiian  10,000  angler  days  per  year  for  a  given  stream  or  river  segment;  moderate  angler  use  =  1 ,000-10,000 

angler  days  per  year;  low  angler  use  =  less  than  1 ,000  angler  days  per  year. 
''  For  columns  7  through  10:  P  =  primary  activity,  one  of  the  main  reasons  for  visiting  this  stream  or  river  segment;  S  =  secondary  activity,  an  activity 

or  use  occurring  on  this  stream,  but  not  one  of  tiie  most  important  uses 
Sources:  Columns  1  through  3:  DFWP  1989_. 

Columns  4  through  12:  Natural  Resource  Infomiation  System  1989.  Comprefiensive  reaeation  information  Is  not  available  for  all  streams. 
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JEFFERSON  RIVER  DRAINAGE 

STREAM 


7        8 


9        10       11      12 


Boulder  River  (Headwaters-Mouth) 

2.543 

33 

(n=4) 

Headwaters-Bison  Creek 

3 

F 

3 

s 

- 

Bison  Creel<-Jefferson  River 

3 

SR/MR 

2 

s 

s 

Halfway  Creek 

{n=0) 

U 

- 

- 

- 

- 

Hells  Canyon  Creek 

(n=0) 

U 

- 

- 

- 

- 

Jefferson  River 

21.125 

251 

(n=4) 

Big  Hole/Beaver-Missouri  River 

2 

SR/MR 

5 

p 

p 

Little  Boulder  River 

571 

(n=4) 

U 

- 

- 

- 

- 

North  Willow  Creek 

336 

(n=2) 

Hollowtop  Lake-Forest  Service  Boundary 

3 

MB 

0 

South  Boulder  River 

295 

(n-2) 

U 

- 

- 

- 

• 

South  Willow  Creek 

425 

(n-3) 

Granite  Lake-Forest  Service  Boundary 

3 

NB 

0 

Whitetail  Creek 

297 

(n-2) 

U 

- 

- 

- 

- 

Willow  Creek 

2.042 

{n-4) 

U 

- 

- 

- 

- 

Willow  Spring  Creek 

(n=0) 

U 

- 

- 

- 

- 

P        P        M      3 
P         -         M      0 


P        P        H       7 


P        P        L       0 


P        S        H       1 


MADISON  RIVER  DRAINAGE 
STREAM 


7        8 


9        10       11     12 


Antelope  Creek 

(n=0) 

Saddle  Mountain-Cliff  Lake 

3 

NB 

0 

- 

- 

p 

p 

H 

0 

Beaver  Creek 

210 

- 

(n=3) 

U 

- 

- 

- 

- 

- 

- 

- 

Black  Sand  Spring  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

Blaine  Spring  Creek 

297 

- 

(n=1) 

U 

- 

- 

- 

- 

- 

- 

- 

Cabin  Creek 

68 

- 

(n=1) 

Headwaters-Quake  Lake 

U 

NB 

0 

- 

- 

- 

- 

0 

Cherry  Creek 

835 

- 

(n-4) 

U 

- 

- 

- 

- 

- 

Cougar  Creek                                            • 

511 

- 

(n=1) 

U 

- 

- 

- 

- 

- 

Duck  Creek 

1.504 

- 

(n=3) 

U 

- 

- 

- 

- 

- 

Elk  River 

(n=0) 

u 

- 

- 

- 

- 

- 

Grayling  Creek 

326 

- 

(n=2) 

u 

- 

- 

- 

- 

- 

Hot  Springs  Creek 

137 

- 

(n=1) 

Headwaters-Madison  River 

3 

NB 

0 

- 

- 

p 

s 

L 

1 

Indian  Creek 

422 

- 

(n=2) 

Forest  Service  Boundary-Madison  River 

3 

NB 

0 

- 

- 

p 

s 

L 

1 

Jack  Creek 

377 

- 

(n=3) 

Headwaters-Forest  Service  Boundary 

2 

NB 

0 

- 

- 

p 

p 

H 

2 

Madison  R.  (Yellowstone  Pk-Hebgen  Dam) 

12.906 

759 

(n=4) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Madison  River  (Hebgen  Dam-Ennis  Lake) 

40.636 

589 

(n=4) 

Hebgen  Reservoir-Quake  Lake 

2 

MR 

4 

S 

p 

s 

s 

H 

2 

Quake  Lake-McAtee  Bridge 

1 

SR/MR 

6 

s 

p 

p 

p 

H 

>9 

McAfee  Bridge-Ennis  Lake 

1 

SR 

6 

s 

p 

p 

p 

H 

4 

Madison  River  (Ennis  Lake-Mouth) 

36.742 

919 

(n=4) 

Ennis  Lake  Dam-Hot  Springs  Creek 

1 

LR 

9 

p 

- 

p 

p 

H 

0 

Hot  Springs  Creek-Missouri  River 

. 

1 

SR 

9 

s 

p 

p 

p 

H 

5 

Moore  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

North  Meadow  Creek 

133 

- 

(n=3) 

Headwaters-Ennis  Lake 

3 

NB 

0 

- 

- 

p 

p 

M 

0 

O'Dell  Spring  Creek 

771 

- 

(n=3) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Red  Canyon  Creek 

(n=0) 

Headwaters-Hebgen  Lake 

U 

NB 

0 

- 

- 

- 

- 

- 

0 

Ruby  Creek 

683 

- 

(n=1) 

Headwaters-Madison  River 

3 

NB 

0 

- 

- 

p 

s 

M 

1 

SF  Madison  River 

2.600 

- 

(n=4) 

U 

- 

- 

- 

- 

- 

- 

- 

- 
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Madison  River  drainage  (continued) 
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Squaw  Creek 

Wilderness  Boundary-Madison  River 
Standard  Creek 

Black  Butte-Madison  River 
Trapper  Creek 

Coffin  Mountain-Hebgen  Lake 
Watkins  Creek 

Idaho  Border-Hebgen  Lake 
WF  Madison  River 

Headwaters-Madison  River 


100 


1,154 


(n=1) 

3 

NB 

0 

(n=0) 

3 

NB 

0 

(n=0) 

3 

NB 

0 

(n=0) 

1 

NB 

0 

(n-4) 

2 

NB 

0 

P 

- 

L 

0 

P 

S 

M 

0 

- 

s 

M 

0 

P 

p 

M 

1 

P 

p 

L 

1 

RED  ROCK-BEAVERHEAD  DRAINAGES 

STREAM 


10       11     12 


Bear  Creek 

(n=0) 

U 

Beaverhead  River  (Headwaters-Mouth) 

22,356      283       (n=4) 

Clark  Canyon  Dam-Dillon 

1 

SR/MR 

7        P        P 

p 

s 

H/M 

3 

Dillon-Big  Hole  River 

1 

F/SR 

8         P        P 

p 

s 

H/M 

3 

Big  Sheep  Creek 

735 

-       (n=4) 

Nicholia-Red  Rock  River 

2 

NB 

0 

p 

p 

H 

0 

Black  Canyon  Creek 

(n=0) 

Headwaters-Horse  Prairie  Creek 

3 

NB 

0 

, 

s 

L 

0 

Blacktail  Deer  Creek 

1,956 

-       (n=4) 

Confluence  MF  &  WF-Beaverhead  River 

3 

F 

1 

p 

s 

M 

0 

Bloody  Dick  Creek 

2,404 

-       (n=3) 

Headwaters-Horse  Prairie  Creek 

3 

NB 

0 

p 

p 

H 

1 

Browns  Canyon  Creek 

(n-0) 

U 

- 

. 

- 

- 

- 

- 

Cabin  Creek 

(n=0) 

U 

- 

- 

. 

. 

. 

. 

Corral  Creek 

268 

-       (n=1) 

U 

. 

. 

. 

. 

. 

_ 

Deadman  Creek 

435 

-       (n=1) 

Headwaters-Big  Sheep  Creek 

1 

NB 

0 

p 

p 

L 

0 

EF  Blacktail  Deer  Creek 

194 

-       (n=1) 

Two  Meadows-Blacktail  Deer  Creek 

3 

NB 

0 

p 

p 

H/M 

0 

EF  Clover  Creek 

(n=0) 

Headwaters-Clover  Creek 

3 

NB 

0 

p 

s 

M/L 

0 

EF  Dyce  Creek 

(n=0) 

U 

- 

. 

- 

- 

. 

- 

Frying  Pan  Creek 

(n=0) 

U 

Column  1  =  Angler  days/year  (average  of  1982-1 986  values)' 

Column  2  =  Angler  days^ar/river  mile 

Column  3  =  Number  of  years  in  which  fishing  pressure  has  been  measured 

Column  4  =  Recreatfenal  value— 1  =  outstanding;  2  =  substantial;  3  =  moderate;  4  =  limited;  U  =  unclassified 

Column  5  =  Water  ctTaracter— F  =  fiat;  SR  =  small  rapids;  MR  =  moderate  rapids;  LR  =  large  rapids;  NB  =  not  boated 

Column  6  =  Months  of  year  beatable 

Column  7  =  Boafng/floating'' 

Column  8  =  Boat  fishing 

Column  9  =  Shore  fishing" 

Column  10  =  Shoreline  activities" 

Column  1 1  =  Nonangler  use  estimate — H  =  high;  M  =  moderate;  L  =  low 

Column  1 2  =  Number  of  developed  sites 

'  For  this  EIS,  high  angler  use  =  more  tinan  10,000  angler  days  per  year  for  a  given  stream  or  river  segment;  moderate  angler  use  =  1 ,000-10,000 

angler  days  per  year;  low  angler  use  =  less  than  1 ,000  angler  days  per  year. 
"  For  columns  7  through  1 0:  P  =  primary  activity,  one  of  Itie  main  reasons  for  visiting  this  stream  or  river  segment;  S  =  secondary  activity,  an  activity 

or  use  occurring  on  this  streeim,  txjt  not  one  of  tfie  most  important  uses 
Sources:  Columns  1  through  3:  DFWP  1989_. 

Columns  4  tfirough  12:  Natural  Resource  Information  System  1989.  Comprehensive  recreation  infomiaBon  is  not  available  for  all  streams. 
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Red  Rock-Beaverhead  drainages  (continued) 

1 

2             3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Grasshopper  Creek 

2,440 

-       (n=4) 

Headwaters-Forest  Boundary 

1 

NB 

0 

- 

- 

P 

p 

H 

3 

Forest  Boundary-Bannack 

1 

NB 

0 

- 

- 

P 

s 

H 

2 

Bannack-Beaverhead  River 

3 

SR 

2 

S 

- 

P 

s 

M/L 

1 

Hell  Roaring  Creek 

(n=0) 

Headwaters-Red  Rock  Creek 

3 

NB 

0 

- 

• 

P 

p 

L 

0 

Horse  Prairie  Creek 

105 

-       (n=4) 

Headwaters-Clark  Canyon  Dam 

3 

NB 

0 

- 

- 

P 

s 

M 

0 

Indian  Creek 

(n-0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Jones  Creek 

(n=0) 

U 

• 

- 

- 

.... 

- 

- 

- 

■ 

Long  Creek 

137 

-       (n-1) 

Lone  Butte-Red  Rock  River 

3 

NB 

0 

- 

• 

s 

p 

M 

0 

Medicine  Lodge  Creek 

527 

-       (n=4) 

Headwaters-Horse  Prairie  Creek 

3 

NB 

0 

- 

• 

P 

s 

M/L 

0 

Narrows  Creek 

(n-0) 

U 

- 

- 

- 

- 

- 

- 

- 

• 

Odell  Creek 

700 

-       (n-1) 

Slide  Mountain-Lower  Red  Rock  Lake 

U 

NB 

0 

- 

. 

- 

- 

- 

0 

Peet  Creek 

(n-0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Poindexter  Slough 

1.459 

-       (n-4) 

2 

F 

2 

s 

P 

P 

s 

H/M 

1 

Rape  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Red  Rock  Creek 

597 

-       (n=3) 

Headwaters-Red  Rock  Refuge 

2 

F 

3 

P 

- 

P 

p 

M 

0 

Red  Rock  River  (Lima  Dam-Upper  Red  Rock  Lake)  397 

8       (n=2) 

Lower  Red  Rock  Lake-Brundage  Bridge 

2 

F 

4 

s 

s 

P 

s 

M 

0 

Brundage  Bridge-Lima  Reservoir 

2 

F/SR 

4 

s 

s 

P 

s 

M/L 

0 

Red  Rock  River  (Lima  Dam-Mouth) 

2,928 

51        (n=4) 

Lima  Reservoir-Clark  Canyon  Reservoir 

4 

F/SR 

7 

p 

p 

P 

s 

L 

1 

Reservoir  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Shenon  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Simpson  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Tom  Creek 

(n=0) 

U 

. 

- 

- 

- 

- 

- 

- 

- 

Trapper  Creek 

137 

-       (n=1) 

U 

- 

- 

- 

. 

- 

- 

- 

- 

WF  Blacktail  Deer  Creek 

(n=0) 

Headwaters-Blacktail  Creek 

3 

NB 

0 

- 

. 

P 

s 

M 

0 

WF  Dyce  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

RUBY  RIVER  DRAINAGE 

STREAM 

1 

2            3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Coal  Creek 

(n=0) 

U 

» 

_ 

. 

. 

. 

. 

« 

. 

Cottonwood  Creek 

(n=0) 

Geyer  Creek-Ruby  River 

3 

NB 

0 

- 

-   . 

P 

p 

H 

1 

EF  Ruby  River 

(n=0) 

Gravelly  Ridge-Ruby  River 

2 

NB 

0  . 

- 

- 

P 

s 

M 

0 

MF  Ruby  River 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Mill  Creek 

415 

-       (n=1) 

Branham  Lakes-Ruby  River 

2 

NB 

0 

- 

. 

P 

p 

H 

4 

NF  Greenhorn  Creek 

(n=0) 

U 

. 

- 

- 

. 

- 

. 

. 

- 

Ruby  River  (Headwaters-Ruby  Reservoir) 

1,040 

19       (n=4) 

Headwaters-Ruby  Reservoir 

3 

SR 

2 

s 

- 

P 

p 

H 

0 

Ruby  River  (Ruby  Reservoir-Mouth) 

5,725 

119       (n=4) 

Ruby  Reservoir-Beaverhead  River 

3 

F/SR 

5 

s 

s 

P 

s 

M 

1 

Warm  Springs  Creek 

429 

-       (n=2) 

Romey  Lake-Ruby  River 

2 

NB 

0 

- 

- 

P 

p 

H 

0 

WF  Ruby  River 

(n=0) 

Headwaters-Ruby  River 

2 

NB 

0 

- 

- 

P 

s 

M 

0 

Wisconsin  Creek 

(n=0) 

Headwaters-Ruby  River 

3 

NB 

0 

- 

- 

s 

s 

L 

0 
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MISSOURI  RIVER  DRAINAGE-Three  Forks  to  Holter  Dam 

STREAM  "^  ■  12 


10       11     12 


Avalanche  Creek 

Thompson  Creek-Canyon  Ferry  Lake 
Beaver  Creek  (above  Canyon  Ferry  Dam) 
Beaver  Creek  (below  Canyon  Ferry  Dam) 

Porcupine  Creek-Bear  Gulch 

Bear  Gulch-Missouri  River 
Confederate  Gulch 
Cottonwood  Creek  \ 

Crow  Creek 

Tizer  Creek-Radersburg 

Radersburg-Missouri  River 
Deep  Creek 

Skidway  Campground-Ross  Gulch 
Dry  Creek 
Duck  Creek 
McGuire  Creek 
Missouri  River  (Headwtrs-Canyon  Ferry  Dam) 

Headwaters  State  Park-Canyon  Ferry  Lake 
Missouri  River  (Hauser  Dam-Holter  Dam) 
Prickly  Pear  Creek  (Headwaters-Mouth) 

Rabbit  Gulch-Forest  Service  Boundary 

Forest  Service  Boundary-East  Helena 
Sevenmile  Creek 
Silver  Creek 
Sixteenmile  Creek 

Ringling-MF 

MF  Confluence-Missouri  River 
Spokane  Creek 
Tenmile  Creek 

Minnehaha  Creek-Lazyman  Trailhead 
Trout  Creek 

Vigilante  Camp-Missouri  River 
Warm  Springs  Creek 
Willow  Creek 


1,288 
925 


200 
1,252 

602 


2.717 
150 

: 

11,162 

167 

15,656 
2,596 

602 

138 

- 

3,621 

- 

633 

- 

1,373 

- 

273 
621 

- 

(n=0) 

n=1 
n=4 


n=1 
n=0 
n=4 


n=4; 

n=4 
n=1 
n=0 
n=4 

n=4 
n=4 


n=1 
n=0 
n=4 


n=0 
n=3; 

n=2: 

n=1 
n=4; 


4 
U 

3 
2 
U 
U 

3 
U 

3 
U 
U 
U 

2 
U 

3 
4 
U 
U 

4 
3 
U 


4 
U 
U 


NB 


NB 
NB 


NB 


F 
F 

NB 
F/SR 


NB 
SR 


NB 
NB 


S        L       0 


0 
0 


S 
S 


L       0 
M      2 


SR/MR      1 


S 
S 


M      0 
M      2 


P 
S 


P 
P 


P 
P 

P 
P 


P 
P 

S 
S 


H 
H 

L 
M 


4 

7 

0 
0 


P         -  L       0 

P        S         L       0 


P         P        M       3 
S        M       1 


Column  1  =  Angler  days/year  (average  of  1982-1 986  values)* 

Column  2  =  Angler  days^ar/river  mile 

Column  3  =  Number  of  years  in  whicrfi  fishing  pressure  fias  been  measured 

Column  4  =  Recreational  value — 1  =  outstanding;  2  =  substantial;  3  =  moderate;  4  =  limited;  U  =  unclassified 

Column  5  =  Water  character— F  =  flat;  SR  =  small  rapids;  N/1R  =  moderate  rapids;  LR  =  large  rapids;  NB  =  not  boated 

Column  6  =  Months  of  year  boatable 

Column  7  =  Boating/floating'' 

Column  8  =  Boat  fishincf  ,  :    '  .  - 

Column  9  =  Shore  fishing" 

Column  10  =  Shoreline  activities'' 

Column  1 1  =  Nonangler  use  estimate — H  =  high;  M  =  moderate;  L  =  low 

Column  1 2  =  Number  of  developed  sites 

'  For  this  EIS,  high  angler  use  =  more  ttian  10,000  angler  days  per  year  for  a  given  stream  or  river  segment;  moderate  angler  use  =  1 ,000-10,000 

angler  days  per  year;  low  angler  use  =  less  than  1 ,000  angler  days  per  year. 
''  For  columns  7  through  10:  P  =  primary  activity,  one  of  tfie  main  reasons  for  visiting  this  stream  or  river  segment;  S  =  secondary  activity,  an  activity 

or  use  ocxurring  on  this  stream,  but  not  one  of  the  most  important  uses 
Sources:  Columns  1  through  3:  DFWP  1989_. 

Columns  4  through  12:  Natural  Resource  Infomiation  System  1989.  Comprehensive  reaeation  information  Is  not  available  for  all  streams. 
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MISSOURI  RIVER  DRAINAGE-Holter  Dam  to  Belt  Creek 
STREAM  1  2 


10       11     12 


Canyon  Creek 

Headwaters-Virginia  Creek 

Virginia  Creek-Prickly  Pear  Creek 
Little  Otter  Creek 
Little  Prickly  Pear  Creek  (Headwaters-Mouth) 

NF  &  SF  Little  Prickly  Pear-Sieben 

Sieben-Missouri  River 
Lyons  Creek 

Missouri  River  (Holter  Dam-Cascade  Bridge) 
Missouri  R.  (Cascade  Bridge-Morony  Dam) 

Holter  Dam-Great  Falls 
Stickney  Creek 
Virginia  Creek 

Stemple  Pass-Canyon  Creek 
Wegner  Creek 
Wolf  Creek 


647 


(n=4) 


4 

NB 

0 

- 

- 

P 

- 

M/L 

0 

U 

NB 

0 

- 

- 

- 

- 

L 

0 

1,305 

- 

(n=1) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

1,640 

- 

(n=4) 

3 

NB 

0 

- 

- 

P 

- 

M 

0 

2 

SR 

3 

P 

- 

P 

P 

H 

2 

212 

- 

(n=1) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

53,477 

1,528 

(n=4) 

21,214 

303 

(n=4) 

1 

F 

9 

P 

P 

P 

s 

H 

>S 

122 

- 

(n=2) 
(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

3 

NB 

0 

- 

- 

P 

- 

L 

0 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

1.359 

- 

(n-4) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

DEARBORN  RIVER  DRAINAGE 

STREAM 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

(n=4) 

3 

NB 

0 

P 

S 

M 

1 

2 

MR 

4 

P 

S 

P 

s 

M 

0 

3 

F 

3 

P 

- 

P 

- 

L 

0 

1 

MR 

3 

P 

S 

P 

s 

H 

0 

(n=4) 
(n-0) 

U 
3 

NB 

0 

P 

p 

H 

0 

(n=1) 
(n=0) 

U 
U 

. 

- 

- 

- 

- 

. 

_ 

, 

Dearborn  River  1 ,672 

Scapegoat  Wilderness  Bdy.-Falls  Creek 

Falls  Creek-Hwy.  200  Bridge 

Hwy.  200  Bridge-Hwy.  287  Bridge 

Hwy.  287  Bridge-Missouri  River 
Flat  Creek  404 

MF  Dearborn  River 

Green  Creek-Dearborn  River 
Sheep  Creek  t         420 

SF  Dearborn  River  ' 


25 


SMITH  RIVER  DRAINAGE 

STREAM 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Big  Birch  Creek 

(n=0) 

Headwaters-Gipsy  Creek 

3 

NB 

0 

- 

- 

P 

P 

L 

0 

Eagle  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Hound  Creek 

1,079 

- 

(n=4) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Newlan  Creek 

461 

- 

(n=4) 

Headwaters-Forest  Service  Boundary 

4 

NB 

0 

- 

- 

P 

s 

L 

0 

NF  Deep  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

NF  Smith  River 

450 

- 

(n=3) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Rock  Creek 

2,131 

- 

(n=2) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Sheep  Creek 

1,342 

- 

(n=3) 

Moose  Creek-Black  Butte  Creek 

3 

NB 

0 

- 

- 

P 

s 

M 

1 

Smith  River  (Headwaters-Hound  Creek) 

8,080 

81 

(n=4) 

Confluence  NF  &  SF-Fort  Logan  Bridge 

3 

F 

2 

S 

- 

P 

s 

L 

0 

Fort  Logan  Bridge-Camp  Baker 

2 

F 

2 

P 

P 

P 

p 

H/M 

0 

Camp  Baker-Eden  Bridge 

1 

SR 

5 

P 

P 

P 

- 

H 

>9 

Smith  River  (Hound  Creek-Mouth) 

4,541 

189 

(n=4) 

Eden  Bridge-Missouri  River 

3 

F 

6 

s 

P 

P 

p 

M 

0 

SF  Smith  River 

736 

- 

(n=2) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

Tenderfoot  Creek 

313 

- 

(n=3) 

Headwaters-SF  Tenderfoot  Creek 

3 

NB 

0 

- 

- 

P 

p 

L 

0 

SF  Tenderfoot  Creek-Smith  River 

2 

SR 

5 

s 

- 

P 

s 

M/L 

0 

^'^ 
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SUN  RIVER  DRAINAGE 

STREAM 


5  6         7        8 


9        10       11     12 


Big  Coulee 
Elk  Creek 

Bunch  Grass  Creek-Forest  Service  Boundary 
Ford  Creek 

Whitewater  Creek-Forest  Service  Boundary 
Muddy  Creek 
NF  Willow  Creek 
Smith  Creek 
Sun  River  (Gibson  Dani-Muddy  Creek) 

US  Hwy.  287-Muddy  Creek 

Muddy  Creek-Mouth 
Willow  Creek 

Willow  Creek  Gorge-Little  Willow  Creek 


(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

1,469 

- 

(n=4) 

3 

NB 

0 

- 

P 

p 

M 

2 

544 

- 

(n=2) 

3 

MB 

0 

- 

P 

p 

H 

2 

105 

(n=1) 
(n=0) 
(n=0) 

U 
U 

- 

- 

- 

- 

- 

- 

- 

4.262 

51 

(n=4) 

3 

F 

8 

S 

s 

s 

L 

0 

2,455 

136 

(n=4) 

3 

F 

8 

S 

s 

s 

L 

0 

621 

- 

(n-4) 

NB 


P        P        M       1 


JUDITH  RIVER  DRAINAGE 

STREAM 


5  6         7        8 


9        10       11     12 


Beaver  Creek 

Big  Spring  Creek  (Headwtrs-Cottonwood  Cr.) 

Headwaters-Highway  87 
Big  Spring  Creek  (Cottonwood  Creek-Mouth) 

Hwy.  87  Lewistown-Judith  River 
Campbell  Coulee 
Cottonwood  Creek 
Cow  Creek 
EF  Big  Spring  Creek 
Judith  River  (Headwaters-Plum  Creek) 

MF  &  SF  Judith  River-Hwy.  1 176  Bridge 
Judith  River  (Plum  Creek-Mouth) 

Danvers  Bridge-Anderson  Bridge 

Anderson  Bridge-Missouri  River 
Little  Trout  Creek 
Lost  Fork  Judith  River 
Louse  Creek 
McCarthy  Creek 
MF  Judith  River 


782 

- 

(n=2) 

U 

- 

- 

- 

- 

- 

- 

- 

8,196 

390 

(n=4) 

2 

SR 

9 

S 

p 

s 

H 

2 

2,786 

279 

(n=4) 

3 

SR 

9 

S        P 

p 

p 

M 

1 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

450 

- 

(n=2) 

U 

- 

- 

- 

- 

- 

- 

- 

276 

- 

(n=1) 

U 

- 

- 

- 

- 

- 

- 

- 

817 

- 

(n=2) 

U 

- 

- 

- 

- 

- 

- 

- 

2,819 

31 

(n=4) 

3 

SR 

4 

P 

p 

s 

L 

1 

332 

9 

(n=4) 

3 

MR 

6 

s 

p 

p 

M 

0 

3 

F 

2 

s 

p 

s 

L 

0 

(n=0) 

188 

- 

(n=1) 

U 

- 

- 

- 

- 

- 

- 

- 

435 

- 

(n=1) 
(n=0) 

U 
U 

. 

_ 

, 

_ 

, 

_ 

. 

734 

- 

(n=3) 

U 

- 

- 

- 

- 

- 

- 

- 

Column  1  =  Angler  days/year  (average  of  1 982-1 986  values)' 

Ck>lumn  2  =  Angler  day&Vear/river  mile 

Column  3  =  Number  of  years  In  which  fishing  pressure  has  been  measured 

Column  4  =  Recreational  value — 1  =  outstanding;  2  =  substantial;  3  =  moderate;  4  =  limited;  U  =  unclassified 

Column  5  =  Water  character — F  =  flat;  SR  =  small  rapids;  MR  =  moderate  rapids;  LR  =  large  rapids;  NB  =  not  boated 

Column  6  =  Months  of  year  boatabte 

Column  7  =  Boat'ng/lbating^ 

Column  8  =  Boat  fishinjf 

Column  9  =  Shore  fishing"  •  . 

Column  10  =  Shoreline  activities'' 

Column  1 1  =  Nonangler  use  estimate — H  =  high;  M  =  moderate;  L  =  low  "         . 

Column  1 2  =  Numlser  of  devebped  sites 

'  For  this  EIS,  high  eingler  use  =  more  than  10,000  angler  days  per  year  for  a  given  stream  or  river  segment;  moderate  angler  use  =  1 ,000-10,000 

angler  days  per  year;  low  angler  use  =  less  thian  1 ,000  angler  days  per  year. 
''  For  columns  7  through  10:  P  =  primary  activity,  one  of  the  main  reasons  for  visiting  this  stream  or  river  segment;  S  =  secondary  activity,  an  activity 

or  use  occurring  on  this  streeim,  but  not  one  of  the  most  important  uses 
Sources:  Columns  1  through  3:  DFWP  1989_. 

Columns  4  through  12:  Natural  Resource  Information  System  1989.  Comprehensive  recreation  information  is  not  available  for  all  streams. 
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Judith  River  cjrainage  (c^sntinued) 


10 


Olsen  Creek 

(n-0) 

U 

- 

- 

- 

- 

- 

- 

- 

Running  Wolf  Creel< 

988 

-       (n=3) 

4 

NF  &  SF-Forest  Service  Boundary 

4 

NB 

- 

- 

P 

s 

L 

0 

SF  Judith  River 

1.127 

-       (n=4) 

U 

- 

- 

- 

- 

- 

- 

- 

Unnamed  tributary  of  Louse  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

Warm  Spring  Creek 

1,235 

-       (n=4) 

Maiden-Judith  River 

4 

F/SR 

2 

S 

P 

P 

L 

1 

Yogo  Creek 

331 

-       (n=4) 

Headwaters-MF  Judith  River 

4 

NB 

0 

- 

P 

s 

M 

0 

BELT  CREEK/MISSOURI  DRAINAGE 

STREAM 


10 


Beit  Creek  (Headwaters-Mouth) 

Sec.  15-Monarch 

Monarch-Riceville 

Riceville  Bridge-Missouri  River 
Big  Otter  Creek 

Headwaters-Otter  Creek 
Dry  Fork  Belt  Creek 

Galena  Creek-Belt  Creek 
Logging  Creek 

Mill  Creek-Belt  Creek 
Pilgrim  Creek 

T14NR6ESec.2-Belt  Creek 
Tillinghast  Creek 

Keegan  Butte-Belt  Creek 


8,059 

97 

(n=4) 

3 

MR 

1 

S 

P 

p 

H/M 

3 

2 

MR 

4 

P 

P 

s 

M 

1 

3 

MR 

6 

P 

P 

p 

H 

1 

(n=0) 

4 

NB 

0 

- 

s 

s 

M 

0 

(n=0) 

3 

NB 

0 

- 

s 

s 

H 

0 

591 

- 

(n=3) 

2 

NB 

0 

- 

p 

p 

M 

2 

2,575 

- 

(n=1) 

2 

NB 

0 

- 

p 

p 

M/L 

0 

3,219 

- 

(n.l) 

4 

NB 

0 

. 

p 

s 

L 

0 

MISSOURI  RIVER  DRAINAGE-Belt  Creek  to  Fort  Peck  Reservoir 
STREAM  -  1  2  3 


10       11      12 


Cut  Bank  Coulee 

Highwood  Creek  1,211 

Missouri  River  (Morony  Dam-Marias  River)       7,640 

Morony  Dam-Fort  Benton 
Missouri  River  (Marias  River-Fort  Peck  Dam)    5,225 

Fort  Benton-Robinson  Bridge 

Robinson  Bridge-Turkey  Joe 
Shonkin  Creek  1 ,642 


141 


19 


(n-0) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

(n=4) 

U 

- 

- 

- 

- 

- 

- 

- 

- 

(n=4) 

2 

MR 

9 

P 

P 

P 

p 

H 

1 

(n=4) 

U 

F 

8 

P 

S 

P 

p 

H 

8 

1 

F 

6 

P 

P 

S 

S 

M 

6 

(n=4) 

u 

- 

- 

. 

- 

- 

- 

- 

- 

MARIAS  RIVER  DRAINAGE 

■' 

STREAM 

1 

2           3 

4 

5 

6 

7        8 

9 

10 

11 

12 

Alkali  Coulee 

(n=0) 

U 

_ 

. 

_ 

_ 

, 

_ 

_ 

Badger  Creek 

261 

-       (n=2) 

NF  &  SF  Badger  Cr.-Forest  Service  Boundary 

3 

NB 

0 

- 

P 

P 

L 

0 

Forest  Service  Boundary-Mouth 

3 

SR 

3 

S 

P 

- 

M 

0 

Bean  Lake 

7,215 

-       (n=4) 

U 

- 

- 

- 

- 

- 

- 

- 

Birch  Creek 

231 

-       (n=2) 

Swift  Dam-Marias  River 

4 

SR 

3 

s 

P 

s 

M 

0 

Cut  Bank  Creek  (Cut  Bank-Mouth) 

386 

-       (n=3) 

Sharp  Lake-Sullivan  Bridge  (Mouth) 

3 

SR 

3 

8 

P 

- 

L 

0 

Dry  Fork  Marias 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

Dupuyer  Creek 

620 

-       (n=4) 

Confluence  NF  &  SF-Dupuyer 

U 

NB 

0 

- 

- 

- 

- 

1 

H-13 


Marias  River  drainage  (continued) 

1 

2 

3 

4 

5 

6 

7        8 

9 

10 

11 

12 

Gamble  Coulee 

(n=0) 

U 

Laughlin  Coulee 

(n=0) 

U 

- 

- 

. 

- 

- 

. 

. 

Marias  River  (Cut  Bank  Creek-Lake  Elwell) 

1.924 

21 

(n=3) 

Cut  Bank  Creek-Tiber  Reservoir 

3 

F 

5 

S 

P 

. 

M 

0 

Marias  River  (Tiber  Dam-Mouth) 

3.156 

39 

(n=4) 

Tiber  Reservoir-Circle  Bridge 

2 

F 

9 

S 

P 

s 

M/L 

1 

Circle  Bridge-Missouri  River 

2 

F/MR 

9 

s     s 

P 

s 

M 

0 

Muddy  Creek 

(n=0) 

North  Badger  Creek 

(n=0) 

Pool  Creek-SF  Badger  Creek 

3 

NB 

0 

- 

P 

p 

M 

0 

NF  Dupuyer  Creek 

(n=0) 

Bob  Marshall  Wild.-SF  Dupuyer  Creek 

3 

NB 

0 

- 

s 

s 

M 

0 

South  Badger  Creek 

(n=0) 

Crucifixion  Creek-SF  Badger  Creek 

4 

NB 

0 

. 

p 

s 

L 

0 

SF  Dupuyer  Creek 

105 

- 

(n=1) 

Bob  Marshall  Wild.-NF  Dupuyer  Creek 

4 

NB 

0 

. 

s 

s 

L 

0 

SF  Two  Medicine  River 

344 

. 

(n=1) 

Forest  Service  Boundary-Sullivan  Bridge 

2 

NB 

0 

- 

p 

s 

L 

0 

Spring  Coulee 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

Timber  Coulee 

(n=0) 

U 

. 

. 

- 

. 

. 

. 

. 

Two  Medicine  River 

806 

- 

(n=3) 

Forest  Service  Boundary-Sullivan  Bridge 

3 

MR 

3 

s 

p 

- 

L 

0 

Unnamed  tributary  of  Bullhead  Creek 

(n=0) 

U 

- 

- 

- 

- 

- 

- 

- 

Whitetail  Creek 

50 

- 

(n=1) 

U 

- 

- 

- 

- 

- 

- 

- 

TETON  RIVER  DRAINAGE 

STREAM 


10       11     12 


Antelope  Butte  Swamp 
Deep  Creek 
McDonald  Creek 
NF  Deep  Creek 

Slim  Gulch-BLM  Bdry.  Sec.  18 
SF  Deep  Creek 

T23N  R9W  Sec.  22-NF  Deep  Creek 
Spring  Creek 
Teton  River  (Headwaters-Choteau) 

NF  &  SF  Teton  River-Choteau/Deep  Creek 


390 


14 


(n=0) 
(n=0) 
(n=0) 
(n=0) 

(n=0) 

(n=0) 
(n=3) 


U 
U 
U 


4 
U 


NB 
NB 


0 
0 


S        S         L       0 
P        S        M      0 


SR 


Column  1  =  Angler  days/year  (average  of  1982-1986  values)* 

Column  2  =  Angler  day&Vear/river  mile 

Column  3  =  Number  of  years  in  which  fishing  pressure  has  been  measured 

Column  4  =  Recreational  value — 1  =  outstanding;  2  =  substantial;  3  =  moderate;  4  =  limited;  U  =  unclassified 

Column  5  =  Water  character — F  =  flat;  SR  =  small  rapicis;  MR  =  moderate  rapids;  LR  =  large  rapids;  NB  =  not  boated 

Column  6  =  Months  of  year  beatable 

Column  7  =  Boating/floating" 

Column  8  =  Boat  fishing 

Column  9  =  Shore  fishing'' 

Column  1 0  =  Shoreline  activities" 

Column  1 1  =  Nonangler  use  estimate — H  =  high;  M  =  moderate;  L  =  low 

Column  1 2  =  Number  of  devebped  sites 

'  For  this  EIS,  high  angler  use  =  more  ttian  10,000  angler  days  per  year  for  a  given  stream  or  river  segment;  moderate  angler  use  =  1 ,000-10,000 

angler  days  per  year;  low  angler  use  =  less  than  1 ,000  angler  days  per  year. 
"  For  columns  7  through  10:  P  =  primary  activity,  one  of  ttie  main  reasons  for  visiting  this  stream  or  river  segment;  S  =  secondary  activity,  an  activity 

or  use  occurring  on  this  stream ,  txjt  not  one  of  the  most  important  uses 
Sources:  Columns  1  through  3:  DFWP  1989_. 

Columns  4  through  1 2:  Natural  Resource  Information  System  1989.  Comprefiensive  recreation  information  is  not  available  for  all  streams. 
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Teton  River  drainage  (continued) 


10      11     12 


Teton  River  (Choteau-Mouth) 
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Appendix  I 


AVERAGE  MONTHLY  AND  ANNUAL 

FLOWS  REMAINING  AFTER  REQUESTED 

INSTREAM  FLOWS  ARE  SUBTRACTED 
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Appendix  J 


PROJECTS  WHICH  HAVE  THE  POTENTIAL 

TO  INCREASE  ARSENIC  CONCENTRATIONS 

IN  SURFACE  AND  GROUNDWATER 


J-2 


J-3 


Table  J-1 .  Projects  that  would  divert  water  directly  from  the  mainstem  Missouri/Madison  rivers  and  could 
Increase  arsenic  concentrations  In  surface  water  and  groundwater 


Consumptive 

Combi- 

Consumptive 

Combi- 

Subbasln/Dralnage 

Use 

instream 

nation 

Subbasln/Dralnage 

Use 

Instream 

nation 

Headwaters  Subbasin 

Middle  Missouri  Subbasin 

Madison  River 

GA-201 

-0- 

GA-201 

Missouri  River 

FEI-10 

FEI-10 

FEI-10 

•■ 

(Belt  Creek  to  Fort  Peck 

CHI-21 

CHI-21 

CHI-21 

Upper  Missouri  Subbasin 

Reservoir) 

CH-21 

CH-21 

CH-21 

Missouri  River 

BR-11 

BR-11 

BR-11 

CHI-22 

CHI-22 

CHI-22 

(Three  Forks  to  Holler  Dam) 

BR-12 

BR-12 

BR-12 

CHI-30 

CHI-30 

CHI-30 

BR-108 

BR-108 

BR-108 

CHI-40 

CHI-40 

CHI-40 

BR-103 

BR-14 

BR-14 

CHS-3 

CHI-10 

CHS-3 

BR-14 

BR-106 

BR-106 

CHI-10 

CHI-10 

BR-106 

BR-107 

BR-107 

CHS-5 

CHS-5 

BR-107 

BR-5 

BR-5 

CH-21 1 

CH-21 1 

BR-5 

BR-109 

BR-109 

CH-511 

CH-51 1 

BR-109 

BR-110 

BR-110 

FEI-30 

FEI-30 

BR-110 

BR-50 

BR-50 

FEI-20 

BUREC 

BR-104 

BR-34 

BR-38 

CH-371 

BR-50 

BR-38 

CHS-6 

BR-34 

BUREC 

BR-1 1 1 

BR-38 

Fort  Peck  Reservoir 
and  Small  Tributaries 

VAS-1 

VAS-1 

VAS-1 

Missouri  River 

CS-541 

CS-541 

CS-541 

(Holter  Dam  to  Belt  Creek) 

CS-101 
CS-102 
CS-103 
CS-111 

CS-101 
CS-102 
CS-103 
CS-111 

CS-101 
CS-102 
CS-103 
CS-1 1 1 

CSI-101 

CSI-101 

CSI-101 

CSI-22 

CSI-22 

CSI-22 

CSI-52 

CSI-52 

CSI-52 

CSI-11 

CSI-11 

CSI-11 

CSI-51 

CSI-51 

CSI-51 

CSI-35 

CS-351 

CSI-35 

CS-35 

CSI-21 

CS-351 

CSI-21 

CSI-12 

CSI-21 

CSI-34 
CSI-23 
CSI-12 
CSI-41 
CSI-31 
CSI-33 
CSI-32 
LC-210 

CSM1 
LC-210 

CSI-34 
CSI-23 
CSI-12 
CSI-41 
CSI-31 
CSI-33 
CSI-32 
LC-210 

J-4 

Table  J-2.  Projects  that  would  Increase  arsenic  concentrations  In  the  Missouri  River  by  reducing  dilution  flows 


Consumptive 

Combi- 

Consumptive 

Combi- 

Subbasln/Dtalnage 

Use 

Instream 

nation 

Subbasln/Dralnage 

Use 

Instream 

nation 

Headwaters  Subbasin 

Missouri  River  - 

CS-541 

CS-541 

CS-541 

Gallatin  River 

GA-40 

-0- 

GA-41 

Holler  Dam  to  Belt  Creek 

CS-101 

CS-101 

CS-101 

GA-81 

GA-79 

CS-102 

CS-102 

CS-102 

GA-41 

GA-24 

CSI-103 

CSI-103 

CSI-103 

GA-79 

GA-46 

CS-111 

CS-111 

CS-111 

GA-24 

GA-143 

CSI-101 

CSI-101 

CSI-101 

GA-46 

GA-44 

CSI-22 

CSI-22 

CSI-22 

GA-13 

GA-151 

CSl-52 

CSl-52 

CSl-52 

GA-143 

GA-124 

CSI-11 

CSI-1 1 

CSI-11 

GA-44 

GA-14 

CSI-51 

CSi-51 

CSI-51 

GA-151 

GA-35 

CSI-35 

CS-351 

CSI-35 

GA-124 

GA-92 

CS-351 

CSI-21 

CS-351 

GA-110 

CSI-21 

CSI-12 

CSI-21 

GA-130 

CSI-34 

CSI-41 

CSI-34 

GA-14 

CSI-23 

LC-210 

CSI-23 

GA-35 

, 

CSI-12 

CSI-12 

GA-92 

CSI-41 
CSI-31 

CSI-41 
CSI-31 

MacJison  River 

GA-201 

-0- 

GA-201 

CSI-33 

CSI-33 

Jefferson  River 

BR-52 

-0- 

BR-52 

CSI-32 

CSI-32 

BR-101 

BR-101 

LC-210 

LC-210 

GA-102 

BR-102 

Deartxjrn  River 

LCI-20 

-0- 

LCI-20 

JV-203 

JV-55 

JV-55 

Smith  River 

CS-61 

CS-61 

CS-61 

JV-95 

CSI-102 

CSI-102 

CSI-102 

JV-204 

CS-271 

CS-271 

CS-271 

JV-202 

CS-252 

CSI-111 

CS-252 

JV-25 

CS-331 
CS-251 

CS-331 
CS-251 

CS-331 
CS-251 

BoulcJer  River 

JV-18 

-0- 

JV-18 

CS-71 

CS-71 

JV-80 

JV-80 

CSI-111 

CSI-111 

JV-17 

JV-17 

MEI-12 

CSI-120 

JV-81 

i 

JV-81 

CSI-120 

CS-63 

JV-63 

JV-63 

MEI-11 

CS-62 

Upper  Missouri  Subbasin 

CSI-120 

MEI-11 

MEi-20 

CS-63 

CS-62 

CS-64 

CS-64 

MissouriRiver  -Three  Forks 

BR-11 

BR-11 

BR-11 

to  Hotter  Dam 

BR-12 

BR-12 

BR-12 

BR-108 

BR-108 

BR-108 

BR-103 

BR-14 

BR-103 

BR-14 

BR-106 

BR-14 

BR-106 

BR-107 

BR-106 

Sun  River 

TEI-80 

CS-241 

CSI-83 

BR-107 

BR-5 

BR-107 

CS-241 

CSI-83 

CSI-81 

BR-5 

BR-109 

BR-5 

CSI-83 

CSI-82 

CSI-82 

BR-109 

BR-110 

BR-109 

CS-52 

CSI-92 

CSI-92 

BR-110 

BR-50 

BR-110 

CSI-81 

TE-571 

CSI-91 

BR-104 

BR-34 

BR-50 

CSI-82 

TE-181 

BR-50 

BR-38 

BR-38 

CSI-71 

TE-183 

LC-11 

BR-44 

BR-44 

TEi-100 

LC-131 

BR-34 

BR-40 

BR-40 

CS-171 

TE-571 

BR-111 

BR-41 

BR-41 

CS-471 

BR-38 

BR-42 

BR-42 

CSI-92 

BR-44 

BR-28 

BR-28 

TEI-90 

BR-40 

BR-35 

BR-35 

CSI-91 

BR-41 

LCI-10 

LCI-10 

CS-31 

BR-42 

CS-51 

BR-28 

CS-32 

BR-29 

CSS-200 

BR-35 

CS-231 

LCI-10 

TE-181 

TE-183 

CS-21 

LC-131 

TE-571 

LC-251 

J-5 


Consumptive 

/ 

Combi- 

Consumptive 

Combi- 

Subbasin/Dralnage 

Use. 

Instream 

nation 

Subbasin/Drainage 

Use 

Instream 

nation 

Belt  Creek 

CS-43 

CS-43 

CS-43 

Middle  Missouri  Subbasin 

CS-42 

JB-281 

CS-42 

Missouri  River  -  Beit  Creel< 

FEI-10 

FEI-10 

FEI-10 

CS-44 

CS-44 

to  Fort  Pecl<  Reservoir 

CHI-21 

CHI-21 

CHI-21 

CS-159 

CS-159 

CH-21 

CH-21 

CH-21 

CHI-1 

JB-281 

CHI-22 

CHI-22 

CHI-22 

JB-281 

JB-61 

CHI-30 

CHI-30 

CHI-30 

JB-61 

CHI-40 
CHS-3 

CHI-40 
CHI-10 

CHI-40 
CHS-3 

Marlas/Teton  Subbasin 

CHI-1 0 

CH-551 

CHI-10 

Marias  River 

CHI-53 

CHI-53 

CHI-53 

CHS-5 

CH-201 

CHS-5 

CHI-51 

CHI-51 

CHI-51 

CH-21 1 

CHFG-181  CH-21 1 

LI-161 

LI-161 

LI-161 

CH-51 1 

CH-51 1 

LI-162 

LI-162 

LI-162 

FEI-39 

FEI-30 

LI-263 

GL-221 

LI-263 

FEI-29 

BUREC 

TO-221 

GL-11 

TO-221 

CH-321 

CH-551 

CHI-52 

CHI-52 

CHS-6 

CH-201 

LI-262 

LI-262 

BUREC 

CH-541 

BS-32 

BS-32 

CH-551 

CHFG-181 

LI-261 

LI-261 

CH-201 

BSS-2 

LI-91 

CH-541 

BS-31 

HI-269 

CHFG-181 

LI-91 

PO-171 

HI-269 

PO-251 

Judith  River 

FEI-50 

JBS-3 

JBS-3 

PO-171 

POl-10 

FE-41 

FE-141 

JB-261 

PO-251 

PO-421 

JBI-2 

FE-431 

FE-401 

POl-10 

TO-341 

FE-42 

FE-671 

FE-141 

PO-421 

GL-221 

FE-81 

FE-672 

FE-161 

TO-341 

GL-11 

JBS-3 

FE-673 

FEI-40 

TO-342 

PO-41 1 

JB-261 

JB-231 

FE-431 

TO-21 1 

PO-271 

FE-1 1 1 

JB-232 

FE-671 

GL-2121 

GL-201 

FE-401 

FE-672 

GL-11 

PO-21 1 

FE-1 41 

FE-673 

PO-41 1 

TO-421 

FE-1 61 

JB-21 

PO-271 

FE-561 

JB-231 

GL-201 

FEI-40 

JB-232 

PO-21 1 

FE-431 

JB-111 

TO-421 

FE-671 

PO-91 

FE-672 
FE-673 

Teton  River 

CHi-61 

TE-321 

TE-321 

JB-21 

TE-321 

CH-641 

CH-641 

JB-231 

CHI-72 

TE-101 

TE-101 

JB-232 

TEI-40 

TE-591 

TE-591 

JB-111 

" 

TEI-30 
CHI-74 

JB-309 

TEI-10 

Musselshell  River 

LM-20 

-0- 

-0- 

TEI-50 
TE-41 1 

Fort  Peck  Drainage  and 

VAS-1 

VAS-1 

VAS-1 

- 

Small  Tributaries 

TEI-60 

CHI-80 

TEI-20 

TE-281 

TE-282 

TEI-70 

CH-381 

CH-641 

.-. 

TE-101 

■-- 

TE-81 

TE-581 

TE-591 

TE-401 

TE-361 

CH-381 

K-1 


Appendix  K 


ECONOMIC  AND  FINANCIAL  ANALYSIS 


K-2 


K-3 


Table  K-1  shows  the  baslnwlde  averages  of  the 
value  of  an  acre-foot  of  waterYor  recreation  derived 
by  Diiffleld  et  al  (1990).  A  change  In  flow  will  have  a 
greater  impact  on  some  streams  and  a  smaller  Im- 
pact on  others.  Table  K-2  shows  the  value  of  an  acre 
foot  of  water  originating  in  each  subbasln  for  hy- 
dropower  production.  Table  K-3  shows  streams  with 
Instream  requests  and  no  consumptive  requests.  No 
other  new  uses  have  been  Identified  on  these  streams. 
The  third  column  of  Table  K-3  shows  DFWP's  fisher- 
ies value  class  rating  for  each  stream.  Water  In  Class 
1  and  Class  2  streams  Is  likely  to  be  more  valuable 
than  the  average  shown  In  Table  K-3.  Water  In  Class 
4  and  Class  5  streams  Is  likely  to  be  less  valuable 
than  the  average  shown  In  Table  K-3. 

Tables  K-4  and  K-5  show  prq)ects  on  streams 
with  both  instream  and  consiimptlve  reservation 
requests.  The  fourth  colunm  In  each  table  shows  the 
value  of  an  acre-foot  of  water  In  the  proposed  use. 
The  value  for  municipal  use  Is  explained  later  In  this 
appendix.  The  value  for  Irrigation  Is  derived  fi-om 
DNRC's  economic  and  financial  analysis  of  Irriga- 
tion projects  described  In  Tubbs.  et  al  (1989).  It  Is 
the  median  annual  net  return  divided  by  the  number 
of  acre-feet  used  by  the  project.  The  value  for  in- 
stream requests  Is  the  sum  of  the  values  for  recre- 
ation and  power  production.  The  value  for  power 
production  Is  based  on  the  hydropower  losses 
reported  In  Chapter  6.  The  value  for  recreation  Is  the 
year-round  average  of  the  values  from  Dufileld,  et  al. 
(1990)  shown  In  Table  K-1.  It  Is  one-sixth  of  the 
July-August  value  plus  five-sixths  of  the  Rest- 
of-Year  value.  These  Instream  values  are  basin- 
wide  averages.  An  acre-foot  will  be  more  valuable  In 
some  streams  and  less  valuable  In  others.  Streams 
that  are  fisheries  Class  1  or  2  are  likely  to  have 
higher  than  average  values.  Streams  that  are  fisher- 
ies Class  4,  5,  or  6  are  likely  to  have  lower  than 


average  values.  Fisheries  value  classes  for  streams 
with  Instream  requests  are  shown  In  the  fifth  col- 
umn of  Table  K-5.  The  value  for  Irrigation  Is  derived 
from  DNRC's  economic  and  financial  analysis  of  Irri- 
gation projects.  It  Is  the  median  annual  net  return 
divided  by  the  number  of  acre-feet  used  by 
the  project. 

The  fifth  colunm  in  Table  K-4  shows  the  value  the 
requested  water  would  have  If  left  In  the  stream.  For 
municipal  requests.  It  Is  the  same  as  the  value  for  an 
Instream  request  In  the  same  location.  Irrigation  does 
not  withdraw  water  In  the  winter.  For  Irrigation  re- 
quests. It  Is  the  simple  average  of  the  July-August 
value  and  the  Rest-of-Year  value. 

The  sixth  coliomn  in  Table  K-4  shows  the  difier- 
ence  between  the  value  in  Its  proposed  use  and 
the  value  of  the  water  left  In  the  stream.  For  con- 
sumptive uses  with  a  higher  value  than  Instream  use 
this  difference  is  positive;  for  consumptive  uses  with 
a  lower  value  than  instream  use  this  difference  Is 
negative. 

Table  K-6  shows  the  size  of  each  municipal  re- 
quest In  thousand  gallons  per  year,  the  annual  cost 
attributable  to  the  reservation  and  the  cost  per  thou- 
sand gallons.  Municipal  use  consists  of  a  variety  of 
different  uses.  The  lowest  valued  municipal  use  is 
probably  watering  lawns.  People  begin  to  curtail  lawn 
watering  at  rates  of  about  $2.50  per  thousand  gal- 
lons. The  costs  for  Conrad,  Fairfield,  Power  and 
Shelby  are  all  above  $2.00  per  thousand  gallons. 
The  value  of  water  for  other  uses,  such  as  in  cooking, 
are  much  higher. 

Table  K-7  shows  characteristics  of  municipal 
water  systems  where  reservation  requests  have  been 
received. 


Table  K-1 .  Recreation  values  per  acre-foot  at  1989  flows 
Subbasln  July  and  August       Rest  of  Year 


Table  K-2.  Hydropower  values  per  acre  foot 
Subbasln  Value 


Headwaters 

$35.40 

$8.23 

Headwaters 

$69.16 

Upper  Missouri 

$19.46 

$4.76 

Upper  Missouri 

Marias/Teton 

$5.81 

$1.63 

above  Canyon  Ferry 

$65.16 

Middle  Missouri 

$5.81 

$1.63 

below  Canyon  Ferry 
Marias/Teton 

$59.07 
$30.38 

Source:  Duffieldetal.  (199( 

3) 

Middle  Missouri 

$30.38 
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Table  K-3.  Reservation  requests  for  Instream  flows  on  streams  with  no  competing  requests 


FISHERIES 

. 

FISHERIES 

APPUCANT              STREAM                      VALUE  CLASS" 

APPUCANT              STREAM 

VALUE  CLASS 

GALLATIN  RIVER  DRAINAGE 

DFWP 

South  Boulder  River 

'  3" 

DFWP 

.  Baker  Creek 

2 

DFWP 

South  Willow  Creek 

.    3 

DFWP 

Big  Bear  Creek 

■ 

DFWP 

North  Willow  Creek 

3 

DFWP 

Bridger  Creek 

4 

DFWP 

Willow  Creek 

2 

DFWP 

Cache  Creek 

4 

DFWP 

Little  Boulder  River 

4 

DFWP 

East  Fork  Hyalite  Creek 

2 

DFWP 

Gallatin  River  #1 

2 

BIG  HOLE  RIVER  DRAINAGE 

DFWP 

Hell  Roaring  Creek 

• 

DFWP 

South  Fork  Big  Hole  River 

DFWP 

Hyalite  Creek  #1 

3" 

DFWP 

Big  Hole  River  #1 

DFWP 

Middle  Fork  West  Fork  Gallatin  River 

4 

DFWP 

Big  Hole  River  #2 

DFWP 

Porcupine  Creek 

4 

DFWP 

Big  Hole  River  #3 

DFWP 

Reese  Creek 

2 

DFWP 

Warm  Springs  Creek 

3 

DFWP 

Rocky  Creek 

2 

DFWP 

Miner  Creek 

DFWP 

South  Cottonwood  Creek 

6 

DFWP 

Rock  Creek 

DFWP 

South  Fork  Spanish  Creek 

4 

DFWP 

Big  Lake  Creek 

DFWP 

South  Fork  West  Fork  Gallatin  River 

4 

DFWP 

Francis  Creek 

2 

DFWP 

Spanish  Creek 

1 

DFWP 

Steel  Creek 

DFWP 

Squaw  Creek 

1 

DFWP 

Swamp  Creek 

1 

DFWP 

Taylor  Fork 

3 

DFWP 

Joseph  Creek 

3 

DFWP 

West  Fork  Gallatin  River 

1 

DFWP 

Trail  Creek 

3 

DFWP 

West  Fork  Hyal'ite  Creek 

2 

DFWP 

Ruby  Creek 

3 

DFWP 

Johnson  Creek 

3 

MADISON  RIVER  DRAINAGE 

DFWP 

Mussigbrod  Creek 

2 

DFWP 

Madison  River  #1 

1 

DFWP 

North  Fork  Big  Hole  River 

1 

DFWP 

Black  Sand  Spring  Creek 

2 

DFWP 

-  Pintlar  Creek 

3" 

DFWP 

Cougar  Creek 

3 

DFWP 

Fishtrap  Creek 

3*> 

DFWP 

Duck  Creek 

3 

DFWP 

LaMarche  Creek 

3 

DFWP 

Grayling  Creek 

a 

DFWP 

Seymour  Creek 

3 

DFWP 

Red  Canyon  Creek                    ' 

■ 

DFWP 

Sullivan  Creek 

a 

DFWP 

Watkins  Creek 

a 

DFWP 

Twelvemile  Creek 

a 

DFWP 

Trapper  Creek 

a 

DFWP 

Corral  Creek 

3 

DFWP 

Cabin  Creek 

4 

DFWP 

Tenmile  Creek 

a 

DFWP 

Beaver  Creek 

4 

DFWP 

Sevenmile  Creek 

a 

DFWP 

Antelope  Creek 

2 

DFWP 

Sixmile  Creek 

a 

DFWP 

Elk  River 

4 

DFWP 

Oregon  Creek 

a 

DFWP 

West  Fork  Madison  River 

3 

DFWP 

California  Creek 

a 

DFWP 

Standard  Creek 

4 

DFWP 

American  Creek 

a 

DFWP 

Squaw  Creek 

4 

DFWP 

French  Creek 

4 

DFWP 

Ruby  Creek 

3 

DFWP 

Governor  Creek 

1 

DFWP 

Indian  Creek 

4 

DFWP 

Deep  Creek 

3 

DFWP 

Blaine  Spring  Creek 

2 

DFWP 

Bear  Creek 

3 

DFWP 

O'Dell  Spring  Creek 

a 

DFWP 

Bryant  Creek 

a 

DFWP 

Jack  Creek 

3 

DFWP 

Jacobsen  Creek 

a 

DFWP 

Moore  Creek 

2b 

DFWP 

Wyman  Creek 

4 

DFWP 

North  Meadow  Creek 

3 

DFWP 

Pattengail  Creek 

3 

DFWP 

Hot  Springs  Creek 

4 

DFWP 

Wise  River 

3 

DFWP 

Cherry  Creek 

4 

DFWP 

Delano  Creek 

a 

DFWP 

Jerry  Creek 

4 

JEFFERSON  AND  BOULDER  RIVER  DRAINAGES 

DFWP 

Divide  Creek 

3 

DFWP 

Boulder  River  #1 

4 

DFWP 

Canyon  Creek 

3 

DFWP 

Hells  Canyon  Creek 

^ 

DFWP 

Moose  Creek 

3 

DFWP 

Willow  Spring  Creek 

2 

DFWP 

Trapper  Creek 

4 

DFWP 

Halfway  Creek 

I'' 

DFWP 

Camp  Creek 

4 

DFWP 

Whitetail  Creek 

4 

DFWP 

Willow  Creek 

3 

K-5 


Table  K-3  (continued) 

"- 

• 

FISHERIES 

FISHERIES 

APPUCANT               STREAM 

VALUE  CLASS" 

APPUCANT               STREAM 

VALUE  CLASS'' 

DFWP 

Birch  Creek 

4 

DFWP 

Poindexter  Slough 

1 

BLM 

Deep  Creek 

3 

DFWP 

East  Fork  Blacktail  Deer  Creek 

3b 

BLM 

Bear  Creek 

3 

DFWP 

West  Fork  Blacktail  Deer  Creek 

4 

BLM 

Canyon  Creek 

3 

DFWP 

Blacktail  Deer  Creek 

3b 

BLM 

Moose  Creek 

3 

BLM 

Hell  Roaring  Creek 

1 

BLM 

Camp  Creek 

4 

BLM 

Corral  Creek 

2 

BLM 

Willow  Creek 

3 

BLM 

Tom  Creek 

3 

BLM 

Odell  Creek 

2 

RUBY  RIVER  DRAINAGE 

BLM 

Jones  Creek 

3 

DFWP 

Ruby  River  #1 

^ 

BLM 

Peet  Creek 

2 

DFWP 

Ruby  River  #2 

2 

BLM 

Long  Creek 

3 

DFWP 

Coal  Creek 

• 

BLM 

Indian  Creek 

2 

DFWP 

Middle  Fork  Ruby  River 

• 

BLM 

Cabin  Creek 

2 

DFWP 

East  Fork  Ruby  River 

4 

BLM 

Simpson  Creek 

2 

DFWP 

West  Fork  Ruby  River 

4 

BLM 

Deadman  Creek 

2 

DFWP 

Cottonwood  Creek 

3b 

BLM 

Big  Sheep  Creek 

2«» 

DFWP 

Warm  Spring  Creek 

3'» 

BLM 

Black  Canyon  Creek 

• 

DFWP 

North  Fork  Greenhorn  Creek 

1 

BLM 

Frying  Pan  Creek 

a 

DFWP 

Mill  Creek 

4 

BLM 

Trapper  Creek 

• 

DFWP 

Wisconsin  Creek 

5 

BLM 

Bear  Creek 

2 

BLM 

North  Fork  Greenhorn  Creek 

1 

BLM 

Rape  Creek 

1 

BLM 

Bloody  Dick  Creek 

3 

BEAVERHEAD  RIVER  DRAINAGE 

BLM 

Medicine  Lodge  Creek 

3 

DFWP 

Beaverhead  River  #1 

1 

BLM 

East  Fork  Dyce  Creek 

• 

DFWP 

Red  Rock  River  #1 

2b 

BLM 

West  Fork  Dyce  Creek 

• 

DFWP 

Red  Rock  River  #2 

2b 

BLM 

East  Fork  Blacktail  Deer  Creek 

3'» 

DFWP 

Red  Rock  Creek 

1«» 

BLM 

West  Fork  Blacktail  Deer  Creek 

4b 

DFWP 

Hell  Roaring  Creek 

1»» 

BLM 

Shenon  Creek 

4 

DFWP 

Corral  Creek 

2 

BLM 

Trapper  Creek 

• 

DFWP 

Tom  Creek 

3 

- 

DFWP 

Narrows  Creek 

2 

MISSOURI  RIVER  DRAINAGE  -  THREE  FORKS  TO 

DFWP 

Odell  Creek 

2 

HOLTER  DAM 

DFWP 

Jones  Creek 

3 

DFWP 

Avalanche  Creek 

4 

DFWP 

Peet  Creek 

2 

DFWP 

Beaver  Creek 

3 

DFWP 

Long  Creek 

3 

DFWP 

Confederate  Gulch 

4 

DFWP 

East  Fork  Clover  Creek 

4 

DFWP 

Crow 

;■ 

DFWP 

Indian  Creek 

2 

DFWP 

Dry  Creek 

^ 

DFWP 

Cabin  Creek 

2 

DFWP 

Duck  Creek 

A 

DFWP 

Simpson  Creek 

2 

DFWP 

Sixteen  Mile  Creek 

3 

DFWP 

Deadman  Creek 

3 

DFWP 

Cottonwood  Creek 

4 

DFWP 

Big  Sheep  Creek 

2«» 

DFWP 

Willow  Creek 

3 

DFWP 

Black  Canyon  Creek 

• 

DFWP 

Beaver  Creek 

3b 

DFWP 

Shenon  Creek 

4 

DFWP 

Prickly  Pear  Creek 

2» 

DFWP 

Frying  Pan  Creek 

• 

DFWP 

Tenmile  Creek 

4* 

DFWP 

Trapper  Creek 

• 

DFWP 

Sevenmile  Creek 

4 

DFWP 

Bear  Creek 

2 

DFWP 

Silver  Creek 

3 

DFWP 

Rape  Creek 

.    1 

DFWP 

Trout  Creek 

3 

DFWP 

Btoody  Dick  Creek 

3 

DFWP 

McGuire  Creek 

a 

DFWP 

Browns  Canyon  Creek 

• 

DFWP 

Medicine  Lodge  Creek 

3 

MISSOURI  RIVER  DRAINAGE  -  HOLTER  DAM  TO 

DFWP 

Horse  Prairie  Creek 

3b 

BELT  CREEK 

DFWP 

East  Fork  Dyce  Creek 

■ 

DFWP 

Sheep  Creek 

3 

DFWP 

West  Fork  Dyce  Creek 

• 

DFWP 

Spokane  Creek 

3 

DFWP 

Reservoir  Creek 

a 

DFWP 

Virginia  Creek 

4 

DFWP 

Grasshopper  Creek 

4 

DFWP 

Canyon  Creek 

4 
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Table  K-3  (continued) 
APPUCANT  STREAM 


FISHERIES 
VALUE  CLASS«= 


APPUCA^f^ 


STREAM 


FISHERIES 
VALUE  CLASS' 


DFWP  Little  Prickly  Pear  Creek  #1 

DFWP  Little  Prickly  Pear  Creek  #2 

DFWP  Lyons  Creek 

DFWP  Wolf  Creek 

DFWP  Wegner  Creek 

DFWP  Stickney  Creek 

DEARBORN  RIVER  DRAINAGE 

DFWP  Middle  Fork  Dearborn  River 

DFWP  South  Fork  Dearborn  River 

DFWP  Flat  Creek 

DFWP  Bean  Lake 


SMITH  RIVER  DRAINAGE 

DFWP 

South  Fork  Smith  River 

DFWP 

North  Fork  Smith  River 

DFWP 

Newlan  Creek 

DFWP 

Big  Birch  Creek 

DFWP 

Sheep  Creek 

DFWP 

Eagle  Creek 

DFWP 

Rock  Creek 

DFWP 

Tenderfoot  Creek 

DFWP 

North  Fork  Deep  Creek 

SUN  RIVER  DRAINAGE 

DFWP 

North  Fork  Willow  Creek 

DFWP 

Willow  Creek 

DFWP 

Ford  Creek 

DFWP 

Elk  Creek 

BELT  CREEK  DRAINAGE 

DFWP  Belt  Creek  #1 

DFWP  Dry  Fork  Belt  Creek 

DFWP  Tillinghast  Creek 

DFWP  Pilgrim  Creek 

DFWP  Logging  Creek 

MARIAS  RIVER  DRAINAGE 

DFWP  South  Fork  Dupuyer  Creek 

DFWP  North  Fork  Dupuyer  Creek 

DFWP  Dupuyer  Creek 

DFWP  South  Badger  Creek 

DFWP  North  Badger  Creek 

DFWP  Badger  Creek 

DFWP  South  Fork  Two  Medicine  River 


2 
2 
2 
3 


4 
4 
4 
NA 


■ 

4 

4 

2^ 

4 

3 

3 

• 


4 
4 
3 


3 
3 
3 
2 
4 


2 

3 

4 

3 

1«» 

3 

2 


TETON  RIVER  DRAINAGE 

DFWP  McDonald  Creek 

DFWP  South  Fork  Deep  Creek 

DFWP  North  Fork  Deep  Creek 

DFWP  Deep  Creek 

DFWP  Spring  Creek 

DFWP  Antelope  Butte  Swamp 


4 
4 
2 
4 
3 
NA 


MISSOURI  RIVER  DRAINAGE  -  BELT  CREEK  TO 
FORT  PECK  DAM 

DFWP      Cow  Creek 


JUDITH  RIVER  DRAINAGE 

DFWP  Middle  Fork  Judith  River 

DFWP  Beaver  Creek 

DFWP  Cottonwood  Creek 

DFWP  Lost  Fork  Judith  River 

DFWP  Yogo  Creek 

DFWP  South  Fork  Judith  River 

MUSSELSHELL  RIVER  DRAINAGE 

DFWP  Musselshell  River  #1 

DFWP  South  Fork  Musselshell  River 

DFWP  Alabaugh  Creek 

DFWP  Cottonwood  Creek 

DFWP  North  Fork  Musselshell  River  #1 

DFWP  North  Fork  Musselshell  River  #2 

DFWP  Checkerboard  Creek 

DFWP  Spring  Creek 

DFWP  Big  Elk  Creek 

DFWP  American  Fork  Creek 

DFWP  Careless  Creek 

DFWP  Swimming  Woman  Creek 

DFWP  Collar  Gulch  Creek 

DFWP  Flatwillow  Creek 

FORT  PECK  RESERVOIR  DRAINAGE 

DFWP  Big  Dry  Creek 

DFWP  Little  Dry  Creek 


some  or  all  reaches  unclassified 
some  reaches  have  lower  classification 

1  =  outstanding  fisheries  resource 

2  =  high  value  fisheries  resource 

3  =  substantial  fisheries  resource 

4  =  moderate  fisheries  resource 

5  =  limited  fisheries  resource 

6  =  unrated 


4 
4 
6 
4 
6 


6 
4 
4 
4 
3 
3 
4 
4 
4 

4 

a 

a 
a 

4 


3" 

a 
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Table  K-4.  Comparison  of  water  values  for  consumptive  use  and  Instream  use 


A 

B 

A  minus  B 

CONSUMPTIVE 

INSTREAM 

CONSUMPTIVE 

VALUES PER 

VALUES  PER 

VALUE  MINUS 

STREAM 

APPLICATION 

PURPOSE 

ACRE-FOOT* 

ACRE-FOOT* 

INSTREAM  VALUE 

GALLATIN  RIVER  DRAINAGE 

Sourdough  Creek 

Bozeman 

municipal 

590.00 

77.92 

512.08 

Wells  in  Gallatin  Valley 

Belgrade 

municipal 

590.00 

77.92 

512.08 

Wells  in  Gallatin  Valley 

GA-46 

irrigation 

131.15 

86.53 

44.62 

Wells  in  Gallatin  Valley 

GA-124 

irrigation 

113.78 

86.53 

27.25 

Wells  in  Gallatin  Valley 

GA-44 

irrigation 

109.79 

86.53 

23.26 

Wells  in  Gallatin  Valley 

GA-13 

irrigation 

109.26 

86.53 

22.73 

Wells  in  Gallatin  Valley 

GA-151 

irrigation 

95.88 

86.53 

9.35 

Wells  in  Gallatin  Valley 

GA-79 

irrigation 

85.00 

86.53 

-1.53 

Wells  in  Gallatin  Valley 

GA-24 

irrigation 

80.95 

86.53 

-5.58 

Wells  in  Gallatin  Valley 

GA-14 

irrigation 

72.50 

86.53 

-14.03 

Wells  in  Gallatin  Valley 

GA-41 

irrigation 

66.30 

86.53 

-20.23 

Wells  in  Gallatin  Valley 

GA-81 

irrigation 

60.75 

86.53 

-25.78 

Wells  in  Gallatin  Valley 

GA-35 

irrigation 

57.75 

86.53 

-28.78 

Wells  in  Gallatin  Valley 

GA-40 

irrigation 

55.77 

86.53 

-30.76 

Wells  in  Gallatin  Valley 

GA-92 

irrigation 

44.71 

86.53 

-41.82 

Wells  in  Gallatin  Valley 

GA-143 

irrigation 

39.91 

86.53 

-46.62 

Wells  in  Gallatin  Valley 

GA-130 

irrigation 

25.99 

86.53 

-60.54 

Wells  in  Gallatin  Valley 

GA-110 

irrigation 

20.12 

86.53 

-66.41 

MADISON  RIVER  DRAINAGE 

Whiskey  Springs 

West  Yellowstone 

municipal 

590.00 

77.92 

512.08 

Madison  River 

GA-201 

irrigation 

398.49 

86.53 

311.96 

JEFFERSON  RIVER  DRAINAGE 

Well  near  Jefferson  River 

Three  Forks 

municipal 

590.00 

77.92 

512.08 

Jefferson  River 

JV-25 

irrigation 

98.39 

86.53 

11.86 

Jefferson  River 

JV-202 

irrigation 

85.42 

86.53 

-1.11 

Jefferson  River 

JV-204 

irrigation 

73.85 

86.53 

-12.68 

Jefferson  River 

JV-55 

irrigation 

62.14 

86.53 

-24.39 

Jefferson  River 

GA-102 

irrigation 

61.49 

86.53 

-25.04 

Jefferson  River 

BR-52 

irrigation 

50.68 

86.53 

-35.85 

Jefferson  River 

JV-95 

irrigation 

49.42 

86.53 

-37.11 

Jefferson  River 

JV-203 

irrigation 

43.42 

86.53 

-43.11 

Jefferson  River 

JV-201 

irrigation 

33.07 

86.53 

-53.46 

Jefferson  River 

BR-101 

irrigation 

28.05 

86.53 

-58.48 

Wells  near  BouWer  River 

JV-17 

irrigation 

114.82 

86.53 

28.29 

Wells  near  Boulder  River 

JV-18 

irrigation 

108.19 

86.53 

21.66 

Wells  near  Boulder  River 

JV-80 

irrigation 

90.89 

86.53 

4.36 

Wells  near  BoukJer  River 

JV-81 

irrigation 

88.86 

86.53 

2.33 

Wells  near  Boulder  River 

JV-63 

irrigation 

79.01 

86.53 

-7.52 

BEAVERHEAD  RIVER  DRAINAGE 

Beaverhead  River  Dillon 


municipal 


590.00 


77.92 


512.08 


MISSOURI  RIVER  DRAINAGE 

Missouri  River 
Missouri  River 
Missouri  River 
Missouri  River 
Canyon  Ferry  Reservoir 


THREE  FORKS  TO  HOLTER  DAM 

BR-38  irrigation 

BR-34  irrigation 

BR-50  irrigation 

BR-111  irrigation 

BR-1 1  irrigation 


92.51 

77.27 

15.24 

68.38 

77.27 

-8.89 

50.39 

77.27 

-26.88 

8.83 

77.27 

-68.44 

53.74 

77.27 

-23.53 
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Table  K-4  (continued) 

A 

B 

A  minus  B 

CONSUMPTIVE 

INSTREAM 

CONSUMPTIVE 

VALUES  PER 

VALUES  PER 

VALUE  MINUS 

STREAM 

APPUCATION 

PURPOSE 

ACRE-FOOT* 

ACRE-FOOT* 

INSTREAM  VALUE 

Canyon  Ferry  Reservoir 

BR-103 

irrigation 

51.16 

77.27 

-26.11 

Canyon  Ferry  Reservoir 

BR-108 

irrigation 

50.21 

77.27 

-27.06 

Canyon  Ferry  Reservoir 

BR-106 

irrigation 

45.17 

77.27 

-32.10 

Canyon  Ferry  Reservoir 

BR-107 

irrigation 

39.11 

77.27 

-38.16 

Canyon  Ferry  Reservoir 

BR-14 

irrigation 

35.87 

77.27 

■41.40 

Canyon  Ferry  Reservoir 

BR-110 

irrigation 

35.40 

77.27 

-41.87 

Canyon  Ferry  Reservoir 

BR-5 

irrigation 

35.05 

77.27 

-42.22 

Canyon  Ferry  Reservoir 

BR-12 

irrigation 

-26.60 

77.27 

-50.67 

Canyon  Ferry  Reservoir 

BR-109 

irrigation 

20.32 

77.27 

-56.95 

Canyon  Ferry  Reservoir 

BR-104 

irrigation 

-27.39 

77.27 

-104.66 

Well  near  Warm  Springs  Creek 

BR-41 

irrigation 

65.61 

77.27 

-11.66 

Well  near  Warm  Springs  Creek 

BR-40 

irrigation 

62.60 

77.27 

-14.67 

Well  near  Warm  Springs  Creek 

BR-42 

irrigation 

59.26 

77.27 

-18.01 

Well  near  Warm  Springs  Creek 

BR-44 

irrigation 

36.35 

77.27 

-40.92 

Well  near  Deep  Creek 

BR-28 

irrigation 

40.66 

77.27 

-36.61 

Well  near  Deep  Creek 

BR-29 

irrigation 

13.46 

77.27 

-63.81 

Well  near  Crow  Creek 

BR-35 

irrigation 

29.25 

77.27 

-48.02 

Tenmile  Creek 

LC-11 

irrigation 

29.23 

71.19 

45.96 

Holter  Lake 

LCI-10 

irrigation 

29.80 

71.19 

-41.39 

Wells  near  Prickly  Pear  Creek 

Helena 

municipal 

590.00 

66.29 

523.71 

Wells  and  McClelland  Creek 

East  Helena 

municipal 

590.00 

66.29 

523.71 

MISSOURI  RIVER  DRAINAGE 

-  HOLTER  DAM  TO  BELT  CREEK 

Missouri  River 

Great  Falls 

municipal 

590.00 

71.19 

518.81 

Missouri  River 

CS-101 

irrigation 

79.74 

71.19 

8.55 

Missouri  River 

CSI-101 

irrigation 

75.63 

71.19 

4.44 

Missouri  River 

CSI-52 

irrigation 

73.37 

71.19 

2.18 

Missouri  River 

CSI-103 

irrigation 

68.14 

71.19 

-3.05 

Missouri  River 

CS-111 

irrigation 

66.27 

71.19 

-4.92 

Missouri  River 

CS-541 

irrigation 

61.88 

71.19 

-9.31 

Missouri  River 

CSI-51 

irrigation 

55.90 

71.19 

-15.29 

Missouri  River 

CS-102 

irrigation 

55.75 

71.19 

-15.44 

Missouri  River 

CSI-22 

irrigation 

53.24 

71.19 

-17.95 

Missouri  River 

CSI-1 1 

irrigation 

52.37 

71.19 

-18.82 

Missouri  River 

CS-351 

irrigation 

51.64 

71.19 

-19.55 

Missouri  River 

CSI-21 

irrigation 

46.94 

71.19 

-24.25 

Missouri  River 

CSI-35 

irrigation 

44.55 

71.19 

-26.64 

Missouri  River 

LC-210 

irrigation 

41.55 

71.19 

-29.64 

Missouri  River 

CSI-41 

irrigation 

37.70 

71.19 

-33.49 

Missouri  River 

CSI-12 

irrigation 

37.24 

71.19 

-33.95 

Missouri  River 

CSI-31 

irrigation 

36.67 

71.19 

-34.52 

Missouri  River 

CSI-23 

irrigation 

35.16 

71.19 

-36.03 

Missouri  River 

CSI-34 

irrigation 

30.04 

71.19 

-41.15 

Missouri  River 

CSI-33 

irrigation 

21.51 

71.19 

-49.68 

Missouri  River 

CSI-32 

irrigation 

15.67 

71.19 

-55.52 

DEARBORN  RIVER  DRAINAGE 

Dearborn  River 

LCI-20 

irrigation 

52.06 

71.19 

-19.13 

SMITH  RIVER  DRAINAGE 

Smith  River 

CS-61 

irrigation 

70.53 

71.19 

-0.66 

Smith  River 

CSI-1 02 

irrigation 

56.58 

71.19 

-14.61 

Smith  River 

CS-271 

irrigation 

53.06 

71.19 

-18.13 

Smith  River 

CSI-1 11 

irrigation 

44.55 

71.19 

-26.64 

Smith  River 

CS-252 

irrigation 

42.35 

71.19 

-28.84 
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Table  K-4  (continued) 

- 

A 

B 

A  minus  B 

» 

• 

CONSUMPTIVE 

INSTREAM 

CONSUMPTIVE 

VALUES  PER 

VALUES  PER 

VALUE  MINUS 

STREAM 

APPUCATION 

PURPOSE 

ACRE-FOOT* 

ACRE-FOOT* 

INSTREAM  VALUE 

Smith  River 

CS-331 

irrigation 

38.35 

71.19 

-32.84 

Smith  River 

CS-251 

irrigation 

35.87 

71.19 

-35.32 

Smith  River 

MEM  2 

irrigation 

33.48 

71.19 

-37.71 

Smith  River 

CS-71 

irrigation 

24.80 

71.19 

-46.39 

Smith  River 

CSI-120 

irrigation 

20.78 

71.19 

-50.41 

Smith  River                      t 

MEI-20 

irrigation 

19.30 

71.19 

-51.89 

Smith  River 

MEI-1 1 

irrigation 

18.48 

71.19 

-52.71 

Hound  Creek 

CS-62 

irrigation 

42.04 

71.19 

-29.15 

Hound  Creek 

CS-64 

irrigation 

33.56 

71.19 

-37.63 

Hound  Creek 

CS-63 

irrigation 

32.74 

71.19 

-38.45 

SUN  RIVER  DRAINAGE 

Sun  River 

Great  Falls 

municipal 

590.00 

66.29 

523.71 

Sun  River 

TEI-80 

irrigation 

52.90 

71.19 

-18.29 

Sun  River 

CSI-83 

irrigation 

46.67 

71.19 

-24.52 

Sun  River 

CS-241 

irrigation 

39.39 

71.19 

-31.80 

Sun  River 

TEI-100 

irrigation 

38.42 

71.19 

-32.77 

Sun  River 

TEI-90 

irrigation 

33.93 

71.19 

-37.26 

Sun  River 

CSI-81 

irrigation 

32.13 

71.19 

-39.06 

Sun  River 

CSI-82 

irrigation 

31.37 

71.19 

-39.82     . 

Sun  River 

CSI-91 

irrigation 

29.90 

71.19 

-41.29 

Sun  River 

CSI-71 

irrigation 

29.87 

71.19 

-41.32 

Sun  River 

CS-171 

irrigation 

27.77 

71.19 

-43.42 

Sun  River 

CSI-92 

irrigation 

26.98 

71.19 

-44.21 

Sun  River 

CS-52 

irrigation 

24.01 

71.19 

-47.18 

Sun  River 

CS-471 

irrigation 

23.22 

71.19 

-47.97 

Sun  River 

CS-31 

irrigation 

15.66 

71.19 

-55.53 

Sun  River 

CS-32 

irrigation 

9.12 

71.19 

-62.07 

Sun  River 

CS-51 

irrigation 

7.55 

71.19 

-63.64 

Sun  River 

CS-231 

irrigation 

5.95 

71.19 

-65.24 

Sun  River 

CSS-200 

irrigation 

-0.42 

71.19 

-71.61 

Elk  Creek 

LC-131 

irrigation 

32.62 

71.19 

-38.57 

Smith  Creek 

LC-251 

irrigation 

6.00 

71.19 

-65.19 

Muddy  Creek 

Power 

municipal 

590.00 

66.29 

523.71 

Muddy  Creek 

Fairfield 

municipal 

590.00 

66.29 

523.71 

Muddy  Creek 

TE-571 

irrigation 

40.78 

71.19 

-30.44 

Big  Coulee 

TE-181 

irrigation 

46.63 

71.19 

-24.56 

Big  Coulee 

TE-183 

irrigation 

34.70 

71.19 

-36.49 

Big  Coulee 

CS-21 

irrigation 

1.42 

71.19 

-69.77 

BELT  CREEK  DRAINAGE 

Belt  Creek 

CS-43 

irrigation 

64.21 

42.49 

21.72 

Belt  Creek 

CS-44 

irrigation 

43.90 

42.49 

1.41 

Belt  Creek 

CS-42 

irrigation 

38.71 

42.49 

-3.78 

Belt  Creek 

CS-159 

irrigation 

33.64 

42.49 

-8.85 

Belt  Creek 

CHS-1 

irrigation 

0.60 

42.49 

-41.89 

Big  Otter  Creek 

JB-281 

irrigation 

45.35 

42.49 

2.86 

Little  Otter  Creek 

JB-61 

irrigation 

47.00 

42.49 

4^1 

MARIAS  RIVER  DRAINAGE 

Cut  Bank  Creek 

Cut  Bank 

municipal 

590.00 

32.71 

557.29 

Cut  Bank  Creek 

GL-221 

irrigation 

53.95 

34.10 

19.85 

Cut  Bank  Creek 

GL-11 

irrigation 

46.39 

34.10 

12.29 

Wells  near  Marias  River 

Shelby 

municipal 

590.00 

32.71 

557.29 

K-10 


Table  K-4  (continued) 

A 

B 

A  minus  B 

CONSUMPTIVE 

INSTREAM 

CONSUMPTIVE 

VALUES  PER 

VALUES  PER 

VALUE  MINUS 

STREAM 

APPUCATION 

PURPOSE 

ACRE-FOOT* 

ACRE-FOOT* 

INSTREAM  VALl 

Marias  River 

CHI-53 

irrigation 

53.98 

34.10 

19.88 

Marias  River 

LI-161 

irrigation 

52.38 

34.10 

18.28 

Marias  River 

LI-162 

irrigation 

46.40 

34.10 

12.30 

Marias  River 

CHI-51 

irrigation 

39.50 

34.10 

5.40 

Marias  River 

LI-263 

irrigation 

29.80 

34.10 

-4.30 

Marias  River 

TO-221 

irrigation 

22.29 

34.10 

-11.81 

Marias  River 

LI-262 

irrigation 

20.48 

34.10 

-13.62 

Marias  River 

BS-32 

irrigation 

15.78 

34.10 

-18.32 

Marias  River 

LI-261 

irrigation 

15.53 

34.10 

-18.57 

Marias  River 

CHI-52 

irrigation 

15.21 

34.10 

-18.89 

Marias  River 

HI-269 

irrigation 

9.66 

34.10 

-24.44 

Marias  River 

LI-91 

irrigation 

9.33 

34.10 

-24.17 

Marias  River 

BS-31 

irrigation 

2.92 

34.10 

-31.18 

Marias  River 

BSS-2 

irrigation 

0.46 

34.10 

-33.64 

Whitetail  Creek 

GL-201 

irrigation 

26.00 

34.10 

-8.10 

Dry  Fork  Marias  River 

PO-21 1 

irrigation 

27.00 

34.10 

-7.10 

Lake  Francis 

Conrad 

municipal 

590.00 

34.10 

555.90 

Timber  Coulee 

TO-421 

irrigation 

8.00 

34.10 

26.10 

Laughlin  Coulee 

PO-91 

irrigation 

4.00 

34.10 

-30.10 

Tiber  Reservoir 

Chester 

municipal 

590.00 

32.71 

557.29 

Tiber  Reservoir 

TO-341 

irrigation 

49.02 

34.10 

14.92 

Tiber  Reservoir 

TO-342 

irrigation 

17.90 

34.10 

-16.20 

Tiber  Reservoir 

TO-211 

irrigation 

-2.70 

34.10 

-36.80 

Birch  Creek 

PO-171 

irrigation 

69.26 

34.10 

35.16 

Birch  Creek 

PO-251 

irrigation 

31.00 

34.10 

-3.10 

Two  Medicine  River 

POI-10 

irrigation 

57.30 

34.10 

23.20 

Two  Medicine  River 

PO-421 

irrigation 

33.58 

34.10 

-0.52 

Unnamed  tributary  Bullhead  Creek 

PO-271 

irrigation 

36.23 

34.10 

2.13 

Unnamed  tributary  Bullhead  Creek 

PO-41 1 

irrigation 

28.85 

34.10 

-5.25 

TETON  RIVER  DRAINAGE 

Wells  near  Spring  Creek 

Choteau 

municipal 

590.00 

32.71 

557.29 

Gamble  Coulee 

TE-591 

irrigation 

115.11 

34.10 

81.01 

Teton  River 

TE-321 

irrigation 

70.55 

34.10 

36.45 

Muddy  Creek 

TE-101 

irrigation 

56.64 

34.10 

22.54 

Teton  River 

TEI-40 

irrigation 

53.83 

34.10 

19.73 

Gamble  Coulee 

TE-581 

fish,  wildlife 

52.06 

34.10 

17.96 

Teton  River 

CHI-80 

irrigation 

46.37 

34.10 

12.27 

Teton  River 

TEI-60 

in-igation 

43.19 

34.10 

9.09 

Teton  River 

TEI-50 

irrigation 

42.29 

34.10 

8.19 

Teton  River 

CHI-72 

irrigation 

41.74 

34.10 

7.64 

Teton  River 

CHI-61 

irrigation 

41.74 

34.10 

7.64 

Unnamed  Tributary  Teton  River 

TE-401 

irrigation 

21.00 

34.10 

-13.10 

Spring  Coulee 

TE-361 

irrigation 

41.00 

34.10 

6.90 

Teton  River 

TEI-10 

irrigation 

40.41 

34.10 

6.31 

Teton  River 

TEI-30 

irrigation 

38.79 

34.10 

4.69 

Teton  River 

CHI-74 

irrigation 

38.39 

34.10 

4.29 

Teton  River 

TE-411 

irrigation 

29.04 

34.10 

-5.06 

Teton  River 

TEI-20 

irrigation 

24.66 

34.10 

-9.44 

Teton  River 

TEI-70 

irrigation 

22.54 

34.10 

-11.56 

Teton  River 

TE-282 

irrigation 

22.37 

34.10 

-1 1 .73 

Teton  River 

TE-281 

irrigation 

16.41 

34.10 

-17.69 

Teton  River 

CH-381 

irrigation 

6.94 

34.10 

-27.16 

Muddy  Creek 

TE-81 

irrigation 

4.74 

34.10 

-29.36 

Alkali  Coulee 

CH-641 

wildlife 

-10.09 

34.10 

-44.19 
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Table  K-4  (continued) 

y 

A 

B 

A  minus  B 

* 

CONSUMPTIVE 

INSTRFAM 

CONSUMPTIVE 

VALUE  $  PER 

VALUES  PER 

VALUE  MINUS 

STREAM 

APPUCAT10N 

PURPOSE 

ACRE-FOOT* 

ACRE-FOOT" 

INSTREAM  VALUE 

MISSOURI  RIVER  DRAINAGE 

-  BELT  CREEK  TO  FORT  PECK  RESERVOIR 

Missouri  River 

Fort  Benton 

municipal 

590.00 

32.71 

557.29 

Missouri  River 

CH-21 

Irrigation 

71.26 

34.10 

37.16 

Missouri  River 

FEI-10 

Irrigation 

57.51 

34.10 

23.41 

Missouri  River 

CHI-30 

irrigation 

50.58 

34.10 

16.48 

Missouri  River 

CHI-40 

irrigation 

48.69 

34.10 

14.59 

Missouri  River 

CHI-21 

irrigation 

45.98 

34.10 

11.88 

Missouri  River 

CHI-22 

Irrigation 

40.50 

34.10 

6.40 

Missouri  River 

CHI-10 

Irrigation 

37.14 

34.10 

3.04 

Missouri  River 

CHS-5 

irrigation 

29.13 

34.10 

-4.97 

Missouri  River 

CHS-3 

irrigation 

26.54 

34.10 

-7.56 

Missouri  River 

BUREC 

irrigation 

21.75 

34.10 

-12.35 

Missouri  River 

CH-21 1 

irrigation 

15.84 

34.10 

-18.26 

Missouri  River 

FEI-30 

irrigation 

15.17 

34.10 

-18.93 

Missouri  River 

CH-511 

irrigation 

12.06 

34.10 

-22.04 

Missouri  River 

FEI-20 

Irrigation 

10.39 

34.10 

-23.71 

Missouri  River 

CH-371 

Irrigation 

2.22 

34.10 

-31 .88 

Missouri  River 

CHS-6 

Irrigation 

-4.62 

34.10 

-38.72 

Slionl<in  Creek 

CH-201 

irrigation 

54.31 

34.10 

20.21 

Higliwood  Creek 

CH-541 

irrigation 

9.87 

34.10 

-24.23 

Big  Sag  Coulee 

CH-551 

irrigation 

67.84 

34.10 

33.74 

Cut  Bank  Coulee 

CH-181 

fire  protection, 
recreation 

NA 

NA 

NA 

JUDITH  RIVER  DRAINAGE 

Well  near  Judith  River 

Winifred 

municipal 

590.00 

32.71 

557.29 

Judith  River 

JBI-2 

Irrigation 

23.77 

34.10 

-10.33 

Judith  River 

FEI-50 

Irrigation 

7.98 

34.10 

-26.12 

Judith  River 

FE-41 

irrigation 

1.51 

34.10 

-32.59 

Wolverine  Creek 

FE-141 

irrigation 

64.49 

34.10 

30.39 

Little  Casino  Creek 

FE-431 

irrigation 

42.63 

34.10 

8.53 

Olsen  Creek 

FE-671 

irrigation 

49.12 

34.10 

15.02 

Unnamed  Tributary  Olsen  Creek 

FE-672 

irrigation 

61.81 

34.10 

27.71 

Ross  Fork  Creek 

FE-673 

irrigation 

51.60 

34.10 

17.50 

Unnamed  Tributary  Campbell  CreekFE-42 

irrigation 

-7.00 

34.10 

-1.10 

Wolf  Creek 

FE-81 

Irrigation 

1.00 

34.10 

-33.10 

McCarthy  Creek 

JB-111 

irrigation 

32.00 

34.10 

-2.10 

Running  Wolf  Creek 

JBS-3 

irrigation 

75.02 

34.10 

40.92 

Running  Wolf  Creek 

JB-261 

irrigation 

29.94 

34.10 

-4.16 

Louse  Creek 

JB-21 

irrigation 

25.78 

34.10 

-8.32 

Wells  near  Louse  Creek 

JB-231 

irrigation 

20.01 

34.10 

-14.09 

Wells  near  Louse  Creek 

JB-232 

irrigation 

20.01 

34.10 

-14.09 

Little  Trout  Creek 

JB-309 

irrigation 

3.00 

34.10 

-31.10 

Big  Spring  Creek 

FE-111 

Irrigation 

0.63 

34.10 

-33.47 

Big  Spring  Creek 

Lewistown 

municipal 

590.00 

32.71 

557.29 

East  Fork  Big  Spring  Creek 

FE-401 

irrigation 

38.86 

34.10 

4.76 

Warm  Springs  Creek 

FE-161 

irrigation 

32.64 

34.10 

-1.46 

Warm  Springs  Creek 

FEI-40 

irrigation 

28.22 

34.10 

-5.88 

Warm  Springs  Creek 

FE-561 

irrigation 

0.00 

34.10 

-34.10 

MUSSELSHELL  RIVER  DRAINAGE 

Musselshell  River  LM-20 


FORT  PECK  DRAINAGE 

Fort  Peck  Reservoir 


VAS-1 


Irrigation 


irrigation 


156.19 


16.33 


34.10 


34.10 


122.09 


-17.77 


*    Positive  numbers  indicate  the  benefits  are  greater  than  costs  for  the  proposed  use. 

*"    Negative  numbers  indicate  costs  of  the  pro(X}sed  use  would  be  greater  than  the  benefits  of  leaving  water  instreeun. 
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Table  K-5.  Value  of  instream  flows  on  streams  with  competing  consumptive  use  requests 


i 

Instream 

Fisheries 

Value 

Value 

Drainage 

Stream 

Applicant 

$  per  acre-foot 

Class^'' 

Gallatin  River 

Ben  Hart  Spring  Creek 

DFWP 

77.92 

6 

East  Gallatin  River  #1 

DFWP 

77.92 

2 

East  Gallatin  River  #2 

DFWP 

77.92 

2 

East  Gallatin  River  #3 

DFWP 

77.92 

3 

Gallatin  River  #1 

DFWP 

77.92 

2 

Gallatin  River  #2 

DFWP 

77.92 

1.2.3 

Gallatin  River  #3 

DFWP 

77.92 

2 

Hyalite  Creek  #2 

DFWP 

77.92 

4 

Sourdoug  Creek 

DFWP 

77.92 

3 

Thompson  Spring  Creek 

DFWP 

77.92 

3.4 

Madison  River 

Madison  River  #2 

DFWP 

77.92 

1 

Madison  River  #3 

DFWP 

77.92 

1 

Madison  River  #4 

DFWP 

77.92 

1 

South  Fork  Madison  River 

DFWP 

77.92 

3 

Jefferson  River 

Boulder  River  #2 

DFWP 

77.92 

4 

Boulder  River  #3 

DFWP 

77.92 

3 

Jefferson  River 

DFWP 

77.92 

2 

Beaverhead  River 

Beaverhead  River  #2 

DFWP 

77.92 

3 

Missouri  River — 

Deep  Creek 

DFWP 

72.37 

3 

Three  Forks  to 

Missouri  River  #1 

DFWP 

72.37 

1,3 

Hotter  Dam 

Missouri  River  at  Toston 

DHES 

72.37 

NA 

Prckly  Pear  Creek  #1 

DFWP 

66.29 

2.3.4 

Tenmile  Creek 

DFWP 

66.29 

4 

Warm  Springs  Creek 

DFWP 

72.37 

6 

Missouri  River  #2 

DFWP 

66.29 

1 

Missouri  River— 

Missouri  River  #3 

DFWP 

66.29 

1.3 

Holter  Dam  to 

Missouri  River  at  Ulm 

DHES 

66.29 

NA 

Belt  Creek 
Dearborn  River 
Smith  River 


Sun  River 

Belt  Creek 
Marias  River 


Dearborn  River 

Smith  River  #1 
Smith  River  #2 
Smith  River  #3 
Hound  Creek 

Sun  River  #1 
Sun  River  #2 
Elk  Creek 

Belt  Creek  #2 
Big  Otter  Creek 

Cut  Bank  Creek 
Marias  River  #1 
Marias  River  #2 
Marias  River  #3 


DFWP 

DFWP 
DFWP 
DFWP 
DFWP 

DFWP 
DFWP 
DFWP 

DFWP 
DFWP 

DFWP 
DFWP 
DFWP 
DFWP 


66.29 


66.29 

3.2 

66.29 

2 

66.29 

4.3 

66.29 

3 

66.29 

3 

66.29 

3 

66.29 

3 

37.59 

3 

37.59 

6 

32.71 

3 

32.71 

3 

32.71 

3 

32.71 

2 

Teton  River 


Teton  River 


DFWP 


32.71 
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Table  K-5  (continued) 

y 

Instream 

Fisheries 

• 

Value 

Value 

Drainage 

Stream 

Applicant 

$  per  acre-foot 

Class** 

Missouri  River 

Highwood  Creek 

DFWP 

32.71 

3.4 

Drainage — Belt  Creek 

Missouri  River  #4 

DFWP 

32.71 

1 

to  Fort  Peck 

Missouri  River  #5 

DFWP 

32.71 

1 

Reservoir 

Missouri  River  #6 

DFWP 

32.71 

1 

Missouri  River  at  Virgelle 

DHES 

32.71 

NA 

Missouri  River  at  Landusky 

DHES 

32.71 

NA 

Shonkin  Creek 

DFWP 

32.71 

3 

Judith  River 

Big  Spring  Creek  #1 

DFWP 

32.71 

1 

Big  Spring  Creek  #2 

DFWP 

32.71 

1 

Judith  River  #1 

DFWP 

32.71 

3.4 

Judith  River  #2 

DFWP 

32.71 

3 

Musselshell  River 

Musselshell  River  #2 

DFWP 

32.71 

2.3 

Musselshell  River  #3 

DFWP 

32.71 

3 

^  1  =  outstanding  fisheries  resource 

2  =  high  value  fisheries  resource 

3  =  substantial  fisheries  resource 
_    4  =  moderate  fisheries  resoruce 
*    5  =  limited  fisheries  resource 

6  =  unrated  reach 
''Some  stream  reaches  where  reservations  are  requested  may  encompass  more  than  one  fisheries  value  class. 


Table  K-6.  Municipal  water  costs 


Values  are  rounded  to  the  nearest  thousand  dollars. 
Values  are  rounded  to  the  nearest  cent. 


Table  K-7.  Municipal  water  system  characteristics 


Dollars 

Water  Distribution 

Percent  of 

Thousands  of 

Per  Thousand 

Municipal 

Systems  with 

Service 

Unmetered 

Town 

Gallons/Year 

Annual  Cost* 

of  Gallons'* 

Requests 

Substantial  Leakage 

■Metered 

Senrlce 

Belgrade 

210.174 

$37,000 

$0.18 

Belgrade 

Yes 

18% 

Bozeman 

1.313.180 

$939,000 

$0.72 

Bozeman 

Yes 

98% 

Chester 

141.745 

$0 

$0.00 

Chester 

19% 

Choteau 

157.060 

$187,000 

$1.19 

Choteau 

Yes 

— 

Yes 

Conrad 

58.082 

$221,000 

$3.81 

Conrad 

31% 

Cut  Bank 

147.362 

$131,000 

$0.89 

Cut  Bank 

100% 

Dilton 

65.822 

$14,000 

$0.21 

Dillon 

99% 

East  Helena 

84.070 

$109,000 

$1.30 

East  Helena 

Yes 

— 

Yes 

Fairfield 

32.585 

$72,000 

$2.20 

Fairfield 

— 

Yes 

Fort  Benton 

29.001 

$41,000 

$1.43 

Fort  Benton 

Yes 

21% 

Great  Falls 

3.467.500 

$2,261,000 

$0.65 

Great  Falls 

96% 

Helena 

2.340,200 

$1,170,000 

$0.50 

Helena 

99% 

Lewistown 

230.051 

$131,000 

$0.57 

Lewistown 

Yes 

16% 

Power 

9.053 

$22,000 

$2.42 

Power 

— 

Yes 

Shelby 

98.407 

$228,000 

$2.32 

Shelby 

100% 

Three  Forks 

26.394 

$12,000 

$0.45 

Three  Forks 

100% 

West  Yellowstone 

194,910 

$167,000 

$0.86 

West  Yellowstone 

100% 

Winifred 

15.841 

$29,000 

$1.83 

Winifred 

60% 

TOTAL 

8,621,437 

$5,771,000 

Average  $0.67 

Source:  Information  based  on  municipal  water  reservation 
applications  submitted  to  DNRC 
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APPROXIMATE 
WATER  EQUIVALENTS 


1  cubic  foot  =  7.48  gallons 

1  acre-foot  (af)  =  43,560  cubic  feet,  or  325,851  gallons 
An  acre-foot  covers  one  acre  of  land  one  foot  deep. 

1  cubic  foot  per  second  (cfs)  =  448.8  gallons  per  minute 

1  cfs  =  40  Montana  statutory  miner's  inches 

1  cfs  =  646.316  gallons  per  day 
for  24  hours  =1.98  acre-feet 
for  30  days  =  59.5  acre-feet 
for  1  year  =  725  acre-feet 

I  million  gallons  =  3.07  acre-feet 

1  million  gallons  per  day  (mgd)  =  1.122  acre-feet  per  year 

1,000  gallons  per  minute  (gpm)  =  2.23  cfs 

1.000  gpm  =  4.42  acre-feet  per  day 
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